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Tue effectiveness of aerosol{ adminis- 
tration in respiratory disease depends on 
the deposition of a maximum amount of 
drug at the diseased site. Two factors 
are of special interest: (1) the total quan- 
tity retained; (2) the pattern of distri- 
bution. 

The purpose of this communication is 
to describe a method devised to measure 
the deposition of aerosols within the re- 
spiratory tract of man by means of radio- 
active sodium. This technique may be 
employed to determine the value of vari- 
ous methods of nebulizing therapeutic 
solutions. 

Studies of the effectiveness of drugs 
administered as aerosols have progressed 
simultaneously in Europe, England, South 


America and this 
During the recent war, the Army and the 
Navy became interested in the funda- 
mental aspects of the behavior of aerosols 
within the respiratory tract. Drinker, 
Gardner and others have studied industrial 
hazards, due to dust, and have investi- 
gated the deposition of finely divided par- 
ticles in the respiratory tract of man and 
animals.*® Studies have been made to 
determine the critical range of particle size 
below which retention is minimal and pen- 
etration to the alveoli maximal, and above 
which retention increases although with 
little penetration beyond the larynx. 
The retention of an aerosol within the 
respiratory tract is governed primarily by 
the size and density of the individual par- 


* The Bureau of Medicine and Surgery of the U. S. Navy does not necessarily endorse the views 
or opinions which are expressed in this paper. This study was aided by a grant from the Josiah Macy, 


Jr. Foundation. 


+ Lieutenant Commander (MC), USNR, while this work was in progress. 
t An aerosol may be defined as a suspension of finely divided particles in a gaseous medium. Steam 
and smoke are examples that are commonly encountered. 


VOL. 214, No. 6—DECEMBER, 1947 


= 


586 TALBOT, QUIMBY, BARACH: 


ticles and by the hygroscopic properties of 
the solution from which they are formed. 
Additional significant factors are the vapor 
pressure and temperature of the inhaled 
aerosol, the rate of respiration and the 
distribution of areas of turbulence in the 
respiratory passageway. The amount of 
the aerosol leaving the nebulizer, and the 
character of that aerosol, are in turn in- 
fluenced by several factors—the density, 
viscosity and surface tension of the solu- 
tion, the pressure at which the nebulizer 
is operated, the density of the gas which 
is used to generate the aerosol, and the 
design of the nebulizer. Particle size is 
dependent on both the nebulizer and the 
hydroscopic properties of the solution 
from which the aerosol was generated. 
Thus a particle of specified size when it 
left the nebulizer may be smaller, or 
larger, when it reaches the bronchus. For 
instance, a particle formed from a hygro- 
scopic solution may, as it enters the warm 
saturated air within the respiratory tract, 
take on water and increase in size. Con- 
versely, particles from a non-hygroscopic 
solution may become smaller. In this 
connection, consideration must be given 
to the effect of the addition to the solution 
of a hygroscopic substance, such as tri- 
ethylene glycol, in preventing evaporation 
of water from the droplets in the respira- 


tory tract. A method for the quantitative . 


evaluation of all these factors would be 
valuable. 

Kreuger et al."' have reported the use 
of radioactive phosphorus as a tracer for 
determining the site of deposition of an 
aerosol within the respiratory tract of a 
rabbit. However, since this substance 
emits only beta rays, which penetrate 
only a few mm. of tissue, it was necessary 
to sacrifice the animal in order to measure 
the deposition within the lungs. This was 
apparently the first instance in which 
radioactive material was used for this 
purpose. 

In the present investigation, radioactive 
sodium (Na™), in the form of a physio- 


logic solution of sodium chloride, was used 
as a tracer for determining roughly the 
pattern of deposition of aerosols within 
the respiratory tract of man. 

The intention of this preliminary report 
is to describe the procedure and indicate 
its usefulness for comparing the deposition 
of aerosols in the respiratory tract under 
varying circumstances, and not to evalu- 
ate the techniques selected for investi- 
gation. 

Method and Results. Since radioactive 
sodium emits penetrating gamma rays, 
its presence within tissues can be demon- 
strated by means of a Geiger-Muller 
counter placed over the site to be studied. 
When this material is. introduced into the 


‘system orally or intravenously, it rapidly 


becomes diffused throughout the extra- 
cellular body fluid. It is to be expected 
that similar rapid distribution wiil result 
from inhalation of the material in an 
aerosol. Accordingly, measurements in- 
tended to show variations in amounts 
deposited at a particular site within the 
lungs would have to be made promptly 
after the end of the breathing period, 
otherwise the results might be obscured 
by material throughout the body. 

A glass nebulizer was used to generate 
an aerosol of a physiologic solution of 
sodium chloride containing about 100 uc. 
of the radioactive isotope per cc.* The 
subject inhaled this aerosol for a definite 
period under predetermined conditions, 
and went immediately to a nearby room, 
where measurements were made with the 
Geiger counter placed over selected sites 
on his chest wall. 

A series of preliminary experiments 
was carried out to determine the feasibility 
of the method, and to obtain an estimate 
of the variables to be considered. After 
the aerosol had been inhaled for a few 
minutes the Geiger counter placed on the 
chest wall in the axilla indicated a con- 
siderable deposition of radioactive mate- 
rial there. The value thus obtained is 
referred to as “chest count.” These 


* For details concerning the preparation of radioactive sodium, see the report of Smith and Quimby." 
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counts were at a maximum immediately 
after the inhalation of the aerosol, 
decreased rapidly during the first 3 hour 
and more slowly thereafter for about 
3 hours. 

The maximum activity was roughly 
proportional to the time of inhaling, up 
to 15 minutes, other factors being constant. 
The percentage rate of decrease during the 
first 20 minutes was essentially the same, 
within the limits observed, whatever the 


total accumulation. This depends on the 
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uptake of different individuals, or of the 
same individual with different nebulizers 
or solutions, the program of breathing 
time and pauses should be rigidly con- 
trolled. 

Since the gamma radiation from the 
sodium isotope is so penetrating, the ques- 
tion arose as to whether readings obtained 
at the axilla might actually be due to 
material near the center of the body, in the 
trachea, esophagus, or stomach. Accord- 
ingly, several subjects swallowed amounts 
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Fic. 1.—Chest counts on 6 subjects following inhalation aerosol for various times. Records start 
with beginning of breathing. Solid lines represent inhaling periods, breaks, rest periods, points, minute 


by minute counts. 


passage of the sodium ions through the 
walls of the alveoli into the circulating 
blood. The count immediately after inhal- 
ing was of the order of 3 times the count 
after equilibrium was established. (Figure 1 
shows the counts in a set of 6 individuals 
inhaling for approximately 5, 10 and 15 
minutes. Each curve begins at the start 
of nebulization. The solid horizontal line 
indicates breathing time, the gaps showing 
pauses for adjustments.) It is evident 
that if comparisons are to be made on 


of the isotope equal to those retained by 
the inhalers (for details of measuring re- 
tained dose, see below). In such cases the 
counts at the axilla were less than one- 
third of the count after nebulization. 
Evidently the larger part of the count is 
due to material in the lung. 
Measurements made at the chest wall, 
alone, would be of little value. It is 
necessary to know the total amount of 
material inhaled and retained by the sub- 
ject, and to correlate this with the radio- 
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activity measurements. Such correlations, 
for various conditions of inhalation with 
the same individuals, should give signifi- 
cant results. However, it is not desirable 
to repeat these tests too frequently on the 
same subjects, because of the radiation 
exposure. When different individuals 
must be used, several must be tested for 
each set of conditions, and the range of 
variations determined. 

In the first tests with a group of indi- 
viduals, differences were found up to 30% 
in chest count, per unit retained amount 
of radiosodium. It is possible that this 
can be attributed to different habits of 
breathing, because as individuals become 
more used to the procedure, the variations 
were less pronounced. 

With groups of untrained subjects, 
techniques giving very marked differences 
in uptake would be expected to result in 
completely distinct sets of chest counts. 
Smaller differences in uptake, which might 
still be significant, would be likely to be 
overshadowed by individual variations. 
This is brought out in Figures 4 and 5, 
which are discussed below. In investigat- 
ing such possible small variations, it is 
probable that the results of experiments 
on different sets of individuals might be 
suggestive, but that the final evaluation 
in a particular problem should be made 
by using the same set of trained subjects 
for the various procedures. In this case 
the accompanying irradiation must be care- 
fully evaluated. 

Determination of the amount of radio- 
active sodium retained by an individual 
can be made in the following manner: 
1 of the authors (E. Q.) had previously 
studied counting rates at the foot (“foot 
counts”’) in a group of normal subjects, 
following the intravenous administration 
of a known amount of radioactive sod- 
ium.*7_ Curves of the equilibrium build- 
up of radio-sodium in the extracellular 
fluid of the foot were obtained for a known 
dose of radio-sodium over a period of 
24 hours. All values fell within + or 


—15% of an average. Therefore, by 
taking a count at the foot of an individuai 
at any time within 24 hours after an 
injection of the radioactive sodium, the 
amount originally administered can be 
determined, within these limits, allow- 
ances being made for radioactive decay. 
Absorption of sodium ion into the circu- 
lation takes place readily following any 
type of administration, and equilibrium 
in extracellular fluid is reached within a 
few hours. Therefore, readings taken at 
the feet of the aerosol subjects about 
24 hours after the inhalation should give 
an approximate measure of the retained 
sodium. As an additional check, 11 of 
the subjects in this survey swallowed 
known amounts of the material; foot 
counts were then followed at intervals up 
to 24 hours. These agreed with those 
resulting from the intravenous injections. 
Consequently, whenever it was possible, 
the aerosol subject was required to return 
for a foot count the day after inhalation, 
to determine the radio-sodium actually 
retained in his body (excretion in 24 hours 
is negligible). 

Following these preliminary studies, 
experiments were conducted to investigate 
the practicability of comparing the pat- 
tern (site) of deposition of aerosols pro- 
duced by different methods of nebuliza- 


. tion. The apparatus used in these experi- 


ments is shown in Figure 2. Three glass 
nebulizers were used: a Vaponefrin* nebu- 
lizer and 2 made by Mr. F. H. Andersont 
(labelled in these experiments Anderson 
No. 1 and No. 2). Each nebulizer was 
fitted with a ground-glass joint attached 
perpendicularly to the outlet tube (Fig. 3). 
The aerosol was generated by oxygen 
supplied from a demand valve at a pres- 
sure of 48 to 51 p.s.i.§ The “cut-off” 
tube of the demand valve was attached 
to an accessory opening in each nebulizer. 
The subject placed his lips around the 
outlet tube of the nebulizer and did not 
remove them during an experiment; his 
nose was closed by means of a clamp. 


* Designed by the Vaponefrin Company, 6812 Market Street, Upper Darby, Pa. 


+ Department of Pharmacology, College of Physicians and Surgeons, Columbia University, New York. 
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Thus, he breathed only the oxygen which 
generated the aerosol and passed through 
the nebulizer. At the beginning of each 
expiration the demand valve stopped the 
flow of oxygen and the subject exhaled 
through the ground-glass joint which was 
connected to a tube containing calcium 
chloride, and it in turn to an electrostatic 
precipitator.’?. A water valve was inserted 
between the spirometer and the precipi- 
tator to prevent rebreathing of the exhaled 
aerosol. In order to eliminate excessive 
positive pressure during expiration, the 
column of water in this valve was counter- 
balanced to a depth of 0.5 cm. in the tube 
by means of an additional weight on the 
spirometer. 


DEMAND VALVE CUT-OFF” 
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connecting glass tubes were washed into 
separate containers with 3 rinses of tap 
water. The radioactive content of these 
washings was subsequently measured with 
the Geiger-Muller counter. This deter- 
mination of the amount of radioactive 
material left in the nebulizer and the 
amount exhaled furnish another measure- 
ment of the amount retained by the sub- 
ject. In general the retained doses meas- 
ured in this way were somewhat higher 
than those determined by 24 hour foot 
counts. This suggests that not all the 
exhaled material was captured. 

A considerable number of experiments 
was made to systematize the procedure 
and to investigate their limitations. Two 


—— TO SPIROME TEP 


ELECTROSTATIC 
PRECIPITATOR 


Fic. 2.—Diagram of apparatus. 


A measured amount of solution contain- 
ing approximately 100 ue. of radioactive 
sodium per cc. of saline was placed in the 
nebulizer. The subject breathed an aero- 
sol of this solution for a period of approxi- 
mately 5 minutes. If the period of inhala- 
tion was to be continued he was given a 
rest period of from 1 to 3 minutes, during 
which additional solution was added to 
the nebulizer; this was followed by another 
5 minute breathing period. Immediately 
following the termination of the inhalation 
of the aerosol, measurements were made 
with a Geiger-Muller counter placed in 
the axilla (chest counts). 

After each subject had completed a 
period of inhalation, the contents of the 
nebulizer, electrostatic precipitator and 


of these are here presented as examples 
of the type of test which can be made. 
In the first, the Anderson nebulizer No. 1 
was compared with the Vaponefrin nebu- 
lizer, the same solution being used in both. 
The second compares, with the same nebu- 
lizer, the uptake of physiologic saline 
solution and of a similar solution contain- 
ing 10% of triethylene glycol. Each of 
these comparisons was made by using 3 
subjects for each procedure. Accordingly, 
as mentioned above, it would be expected 
that only marked differences would be 
clearly shown. The results of these ex- 
periments are seen in Figures 4 and 5. 

In Figure 4, the counts per unit amount 
retained when the Anderson nebulizer 
No. 1 was used appear to be, in general, 


e 
> 9 5 
n 
“0, FROM DEMAND VALVE 
= 
= 
aS, 
te 
Ca Ch, 
Za- — 


590 TALBOT, QUIMBY, BARACH: 


higher than those for the Vaponefrin separation of the 2 sets of data is definite 
nebulizer. However, the difference is not (Fig. 5). For a given amount of material 
clear-cut; there is some overlapping of retained in the subject, the count at the 
the 2 sets of data. On the other hand, chest wall was higher when glycol, was 


VAPONEFRIN NEBULIZE@ FUSED 
TO ACCESSORY TUBING 


VAPONEF RIN NEBULIZEP 


ANDERSON NEBULIZER NO_/ 


ANDERSON NEBULIZER NO. 2 


Fig. 3.— Drawings of nebulizers used in tests. 


when the Vaponefrin nebulizer is used used. It should also be mentioned that, 
throughout, half the subjects having a _ starting with equal amounts of radio-sod- 
solution made more hygroscopic by the ium in the nebulizers, the 3 subjects with 
addition of 10% of triethylene glycol, the glycol each retained considerably more 
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Fie. 4.—Chest counts per 100 we. retained Na*4 on 7 subjects, following inhalation of aerosol for same 
period; 4 used on nebulizer and 3 a different one. Records start immediately after termination of 
inhalation. There is indication of better distribution with the Anderson nebulizer, but the difference 
is not clear-cut. 
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Fic. 5.—Chest counts per 100 ue. retained Na*4 on 6 subjects following inhalation of aerosol for same 


periods, 3 with and 3 without 10% triethylene glycol added to solution. Records start immediately 
after termination of inhalation. Addition of glycol results in greater deposition in the lung. 
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than those with no glycol. Thus if Figure 
4 were plotted on the basis of total counts, 
in the same manner as Figure 1, the 
separation of the 2 sets of curves would 
be wider. On the other hand, for the 
2 nebulizers of Figure 4, the amounts 
retained showed no systematic difference. 

It is not the purpose of this preliminary 
report to present data on various tech- 
niques, nor to outline a plan for future 
work, but simply to present a method for 
study of the deposition of aerosols within 
the lungs. Extensions of its use in both 
animal and human experiments will be 
evident. It is not suggested that radio- 
active sodium is the only suitable trace 
nor, indeed, the most suitable for all pur- 
poses. The use of other isotopes will 
depend on availability, and on the particu- 
lar problem under consideration. 

Summary. In a study of the retention 
of aerosols within the respiratory tract, 
2 factors are of special interest, the total 
quantity retained, and the pattern of dis- 
tribution. 

When the aerosol is labelled by a radio- 
active isotope, the total quantity retained 
can be determined by 2 methods: (1) All 
material exhaled can be trapped and its 
radioactivity determined, as well as that 
of the nebulizer residue. Subtraction of 
these from the initial quantity gives the 


amount retained. (2) When the radio- 
isotope is a gamma-ray emitter, pre- 
liminary tests can be made to ascertain 
the count at the foot (or other definite 
position) some hours after a known amount 
of it has been administered orally or intra- 
venously, when equilibrium distribution 
has been attained. Then by measurement 
at the same site on the subject, after the 
same interval, the amount of retained 
material can be calculated. 

When the aerosol is labelled with a 
gamma-ray emitter, such as radioactive 
sodium, information regarding the deposi- 
tion of material in different regions of the 
chest can be obtained by measurements 
made with a Geiger counter against the 
chest wall. Correlation of retained dose 
and chest count can then be made. 

When inhalation technique and breath- 
ing time are carefully controlled, differ- 
ences in amounts of material deposited in 
the lungs can be shown by differences in 
counter readings. 

The method described should be useful 
in evaluating the efficiency of various 
methods of nebulizing therapeutic sub- 
stances. By its use, differences can be 
demonstrated in total amount of material 
retained, and in amount delivered near 
the chest wall per unit amount retained. 


The authors wish to express their appreciation for their technical assistance to the following: Mr. 
Max Soroka, Mr. Charles C. Rumsey, Jr., Mrs. Eva Levenson, Miss Eleanor Oshry, and Mrs. Camilla 


Fano, at the College of Physicians and Surgeons. 


not have been possible to carry out this work. 


Without their wholehearted coéperation, it would 
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MENINGOCOCCEMIA WITHOUT MENINGITIS 
A REVIEW OF FIVE CASES* 
By LutHer L. Terry, M.D. 


SENIOR SURGEON, U. 8. 


PUBLIC HEALTH SERVICE 


AND 


CHARLES W. 


JONES, M.D. 


FORMERLY P. A. SURGEON (R), U. 8 PUBLIC HEALTH SERVICE 
BALTIMORE, MARYLAND 


(From the Medical Service of the U. S. Marine Hospital) 


It is well recognized that war-time con- 
ditions are constantly associated with an 
increase in the incidence of meningococcal 


infections. The recent war was no excep- 
tion. Although there were no extensive 


epidemics, there was a significant increase 
in the number of cases both in this country 
and abroad. Morbidity statistics of the 
United States and Great Britain for the 
past 10 years illustrate this fact.* The 
first significant increase in Great Britain 
was seen in 1939 and reached its peak in 
in 1940 and 1941. On the other hand, an 
increase in the number of cases in the 
United States was not evident until 1941 
and reached an all-time high level in 1943. 
Whereas the 5 year median (1939-1943) 
for the first 6 months of the year was 1211 
cases, there were 2019 reported in 1942, 
12,011 in 1943 and 11,841 in 1944 for the 
same period of the year.®t 

The increased incidence of meningococ- 
cal infections has brought to the attention 
of the medical profession a certain number 
of the less obvious, but equally interesting 
types of this infection which may be en- 
countered. The association of the men- 
ingococcus with an acute purulent men- 
ingitis has too frequently led to a lack of 
consideration of the other clinical manifes- 
tations of meningococcal infections. Al- 
though a large majority of the cases do 
have meningitis when first seen, a certain 
number will show blood stream infections 


without meningitis. It is this latter group 
with which this paper is concerned. 

Meningococcemia as a clinical entity 
was first described by Solomon’ in 1902. 
Since that time a large number of cases 
have been reported but the condition is 
still considered comparatively rare. Camp- 
bell! in 1943 reviewed 88 prolonged cases 
collected from the American and British 
literature. Recently, many cases have 
been reported in the Australian and 
American journals.° 

The pathogenesis of meningococcal in- 
fections is still a disputed issue. As early 
as 1919 Herrick? divided meningococcal 
sepsis into 3 stages: the localized infec- 
tion in the nasopharynx, the general inva- 
sion of the blood stream, and finally the 
metastatic localization in the various 
organs of the body. Recent work seems 
‘to support this concept and as stated by 
Campbell! “it appears that the usual route 
of invasion is by the blood stream.’”’ Men- 
ingococcemia is now recognized as an en- 
tity with variable clinical manifestations. 
It should be appreciated, however, that 
not all cases showing blood stream infec- 
tions proceed to localized lesions. Al- 
though some will rapidly develop menin- 
gitis or localization in other organs, others 
appear to subside spontaneously and still 
others remain for long periods of time as 
a bacteremia. Proper recognition is im- 
portant since the disease usually responds 


* The laboratory studies on these cases were performed under the direction of Surgeon Seward’ E: 
Miller, Chief of the Laboratory Service and the Bacteriologic work was performed by Kathryn Dean, 


Medical Technician. 
| Meningococcemia is reportable in New York State only. 
when reported in other areas, is included in total cases of meningococcic meningitis. 


It is not known whether meningococcemia 
Therefore, the 


figures given above refer to meningococcic meningitis rather than all meningococcal infections. 
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promptly to treatment with either the 
sulfonamides or penicillin. 

During the past year 5 cases of men- 
ingococcemia have been observed at the 
U. S. Marine Hospital in Baltimore. Four 
of these cases were admitted within a 
period of 31 days and yet none of them 
was associated with another case of men- 
ingococcic infection or had any epidemio- 
logic features in common. They presented 
variable clinical features but as a group 
illustrate the more common manifestations 
of this condition. 


Case Reports. Casel. F.V.0O., a 22 year 
old Coast Guard Seaman 1/c., was admitted 
June 3, 1944, with the chief complaint of 
headache, and vomiting of 8 hours duration. 
On the morning of admission the patient 
was awakened by a sharp bitemporal head- 
ache which persisted. In the 8 hours be- 
tween the onset and admission he vomited 
4 times. There was no history of chill or 
chilly feeling, but patient stated he felt 
“sick” and felt that he had a fever. Physi- 
cal examination on admission to the hospital 
revealed a well-developed and nourished 
male in no acute pain or distress. ZTempera- 
ture was 38.4° C. (101.2° F.). The only 
finding was some shotty cervical lymph 
nodes. Initial white blood count was 13,300, 
with 80% neutrophils, 16% lymphocytes, 
2% eosinophils and 2% monocytes. The 
evening following admission the patient 
appeared acutely ill, temperature was 39° C. 
(102.3° F.), he was sweating profusely and 
a patchy erythematous rash about 1.5 cm. 
in diameter which was tender to touch was 
noted on dorsum of hands, wrists, palms, 
ankles and soles of feet. He complained of 
pain in the knees, but no swelling or tender- 
ness was noted. At that time a blood cul- 
ture was taken which 10 days later was 
reported to show no growth. The following 
morning, in addition to the erythematous 
rash, there were petechie present over ankles, 
feet, legs and palms. A clinical impression 
of meningococcemia was made. Cultures 
and smears were made from the skin lesions 
both by aspiration and scarification tech- 
niques. The smears showed a few scattered 
gram-negative cocci, singly and in diplo 
forms, morphologically similar to meningo- 
coccus. Sulfadiazine was started in the usual 
dosage. On June 7, 2 days after sulfadiazine 
was begun, the patient’s temperature was 


normal and he was markedly improved. By 
June 9, there was no evidence of a rash. 
Sulfonamide was discontinued on June 13 
after 8 days administrafion. Culture from 
the skin lesions showed no growth. At the 
time of discharge, June 16, the patient was 
feeling well and was returned to full duty 
10 days after leaving the hospital. 

Case 2. E.C. W., a 26 year old graduate 
nurse, was admitted June 2, 1944, complain- 
ing of headaches, fever and pain in the wrist. 
She was well until 2 days prior to admission 
when she first noted a mild sore throat 
associated with general malaise. These 
symptoms continued but she was able to 
remain, on duty until the day of admission 
when she noted a severe headache and fever. 
The only other point of interest in the his- 
tory was that the patient had been nursing a 
case of Rocky Mountain spotted fever for 
2 weeks prior to onset of the present illness. 

Physical examination on admission re- 
vealed temperature 39.2° C. (102.6° F.), 
pulse 140, respirations 24, blood pressure 
145/80. The patient appeared acutely ill 
but well oriented and codperative. There 
was slight congestion of conjunctive and 
the pharynx. The face was flushed and a 
few fine papular lesions measuring 2 to 
4mm. in diameter were seen on the forearms. 
There were no other significant findings. 

The patient was put at bed rest and given 
symptomatic treatment. A blood culture 
was taken at this time. Sixteen hours after 
admission a definite skin rash was first noted 
over the forearms, hands, lower legs and 


. feet. The rash consisted of 2 types of 


lesions: pinkish-red macules measuring 2 to 
8 mm. in diameter and small punctate macu- 
lo-papular lesions, some of which had pur- 
puric centers and a few other definitely pur- 
puric lesions. Some of the lesions were on 
the palms of the hands and soles of the feet. 
Because of the nature of the lesions, men- 
ingococcemia was suspected. Blood culture 
was repeated and an attempt made to obtain 
organisms from the local lesions by scarifica- 
tion and aspiration techniques. The mate- 
rial obtained by both procedures showed a 
few gram-negative diplococci on smear. 
However, on culture only the saline aspira- 
tion yielded a Group I meningococcus. 
Following the findings on smears, the 
patient received a total of 500,000 units of 
penicillin over a period of 4 days and made 
an uneventful recovery. There was never 
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any evidence of meningeal involvement and 
although the patient complained of pain in 
her wrist there were no objective findings. 
The skin lesions cleared rapidly and had 
completely disappeared within 4 days. 

White blood count on admission was 
19,600 with 87% neutrophils. Two blood 
cultures taken before and 2 taken after 
therapy was instituted showed no growth. 

Case 3. S. B., a 48 year old Merchant 
Seaman, was admitted May 2, 1944, with 
the chief complaint of “chills.” About 
6 weeks before admission the patient sud- 
denly developed a chill with no prodromal 
symptoms. The chill lasted 1 hour and was 
followed by a feeling of general bodily 
warmth. Following this he had chills or 
chilly feelings every other day except for a 
period of 12 days, April 1 to 12, when he 
was symptom-free. In spite of the chills 
the patient stated he felt well and was not 
incapacitated for work. One week before 
admission, while at sea, he developed a 
severe chill and felt sick enough to remain 
in his bunk. Several hours later, however, 
he was able to resume work. The last chill 
occurred 3 days before admission. At the 
time of admission the patient was feeling 
well and offered no complaint other than 
weakness. Physical examination was en- 
tirely negative. 

On the basis of the history, blood smears 
for malaria were taken on admission and 
were reported as negative. Blood culture 
taken on May 4, 1944, showed no growth, 
but blood cultures taken on May 5, 6, 11 
and 12, 1944, were reported May 15, as 
showing Group I meningococcus. During 
this interim the patient was asymptomatic 
and appeared to be in good health, except 
for a low-grade fever which reached 38° C. 
(100.5° F.), on 2 days. Following the report 
of the cultures a diagnosis of meningococ- 
cemia was made and he was started on sulfa- 
diazine in the usual dosage. Sulfonamide 
therapy was continued for 1 week. Four 
subsequent blood cultures were reported to 
show no growth in 10 days. He was dis- 
charged May 26 as recovered. The patient 
never complained of joint pains, there were 
no skin lesions and no symptoms or findings 
suggestive of meningitis. The white blood 
cell count on admission was 6350 with 54% 
neutrophils and 46% lymphocytes. It re- 
mained at about this level throughout his 


hospital stay. Other laboratory findings 
were not significant. 

~ Case 4. G.S.H., a 33 year old Merchant 
Seaman, was admitted on May 31, 1944, 
complaining of pain in the left ankle and 
knee. He stated that he was perfectly well 
until about April 15, when on board ship he 
noted the onset of general malaise, sore 
throat and fever. The following day “red 
and purple spots” appeared on his wrists 
and ankles. He remained ill for 4 days and 
then improved without treatment. How- 
ever, he remained weak and listless until 
May 25, at which time he noted that his 
left ankle was swollen and painful on bearing 
weight. The following day the left knee was 
also swollen and painful. He was then ad- 
mitted to a hospital in Philadelphia and a 
diagnosis of acute rheumatic fever was made. 
Sodium salicylate was given with partial 
relief of his joint pain within 36 hours. He 
was then transferred to this hospital for 
further care. 

On admission, temperature was 37.2° C. 
(99° F.), pulse 100, respirations 22 and blood 
pressure 120/80. The patient appeared com- 
fortable and was well oriented. There were 
no significant findings on examination. 
None of the joints were painful on manipu- 
lation nor showed definite evidence of in- 
flammation. There were no skin lesions. 

Following admission to the hospital the 
patient was kept at bed rest and observed. 
During the next week the patient complained 
of pain in other joints and the temperature 
gradually rose, reaching 39.4° C. (103° F.) 
on the 7th hospital day. Because of the 
patient’s complaint of severe headache lum- 
bar puncture was done at this time, but 
revealed no significant findings. He was 
started on sodium salicylate, 6 gm. per day. 
On the following day a rash was first noted 
over the lateral portions of the back, in the 
axille and over the posterior aspect of the 
thighs. The lesions were pink macules 
measuring 2x 8 mm. in diameter. All of 
the large joints of the extremities were ex- 
tremely painful on motion though there was 
no demonstrable redness or swelling. The 
following day the laboratory reported that 
the blood cultures taken on June 1 showed 
growth of Group I meningococcus. Blood 
culture was repeated and smears and cul- 
tures were made from the skin lesions. The 
smears showed gram-negative intracellular 
diplococci typical of meningococcus and the 
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patient was started on sulfadiazine. The 
cultures from the lesions were subsequently 
reported to show Group I meningococci. 
The second blood culture showed no growth. 
The patient continued running a low grade 
fever and there was marked stiffness and 
pain on motion of most of the large joints 
of the body. When the joint involvement 
continued after 9 days on sulfadiazine ther- 
apy, penicillin was given in conjunction with 
the sulfadiazine for 5 days. The fever gradu- 
ally subsided and both drugs were discon- 
tinued. The patient subsequently regained 
fairly complete motion of all of the involved 
joints, remained afebrile and rapidly gained 
strength. He was discharged from the hospi- 
tal on July 17, 48 days after admission. 

Case 5. L.B. W., Jr., a 25 year old Mer- 
chant Seaman was admitted August 23, 1944, 
after having been seen in the Out-Patient 
Clinic the same day. The patient’s chief 
complaints were chills, fever, pain in the 
joints and rash. He was entirely well until 
about 2 months before admission when, after 
having been swimming, his legs and arms 
began to ache and he experienced a chilly 
sensation. In the course of the next few 
days he had pains in several large joints of 
the body. Each joint remained involved 
for a few hours to several days. The in- 
volved joints were mildly swollen and tender 
and then cleared completely. Since the on- 
set the patient had developed episodes of 
chilliness 3 to 4 times a week and lasting 
4 to 3 of an hour, followed by development of 
fever and periods of profuse sweating and 
weakness. These symptoms continued until 
he was seen in this hospital. About 2 weeks 
prior to admission he noted development of 
a rash, notably on the legs and arms, never 
on the palms, soles, face or neck. He de- 
scribed the rash as “coming and going” but 
he did note that it seemed more pronounced 
following periods of fever and sweating. He 
also noted that the rash was tender. He 
had had occasional headaches for the past 
2 months, but never any stiff neck. 

When first seen the patient appeared com- 
fortable, rational and had no fever. There 
were a few red macular lesions measuring 3 
to 5 mm. in diameter over the extremities. 
No rash was present on the trunk. The 
spleen was palpable 2 fingers breadth below 
the left costal margin. He was admitted to 
the hospital with the diagnosis of chronic 
meningococcemia. 
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During his stay in the hospital he had tem- 
perature elevations on the 3rd, 5th and 6th 
hospital days. The temperature ranged from 
39° C. (102.3° F.) to 39.7° GC. (103.5° F.), 
but he did not appear particularly ill. The 
white blood count on admission was 8900, 
with 68% neutrophils, 28% lymphocytes, 
2% monocytes and 2% eosinophils. The 
rash which was noted was transient in char- 
acter, at times lasting only 24 hours. The 
lesions were pink when first seen and would 
rather quickly take on a yellowish-brown 
color and finally disappear. Blood cultures 
were taken and were subsequently reported 
positive for Group I meningococcus. Sulfa- 
diazine was started on the 7th hospital day 
and thereafter there was no elevation of 
temperature. The patient gradually felt 
better and rapidly gained strength. Blood 
cultures taken after sulfadiazine therapy 
showed no growth. 

The patient made an uneventful recovery 
and at the time of discharge from the hospital 
was feeling well with no complaints. 


Comment. CiinicaL MANIFESTATIONS. 
Meningococcemia is a disease of protean 
clinical manifestations. All grades of 
severity from fulminating to mild sub- 
clinical types are seen. For descriptive 
purposes the disease may be divided into 
the acute and chronic types, realizing that 
a few cases may fall into an intermediate 
or subacute group. 

Acute meningococcemia refers to that 
group of cases in which the onset is rapid 
and the patients are acutely and seriously 
sick. In some cases there is death within 
8 to 24 hours after the onset of symptoms; 
many of these develop the Waterhouse- 
Friederichsen syndrome with or without 
hemorrhage into the adrenals.® These 
fulminating cases are frequently associated 
with purpura and ecchymotic skin mani- 
festations. Fortunately, however, not all 
cases of acute meningococcemia have such 
a poor prognosis, as, for example, 2 of 
the cases herein reported. Both cases 
were acutely and seriously sick, but both 
responded dramatically after treatment 
had been instituted 20 and 40 hours 
respectively after admission. 

In acute meningococcemia the onset is 
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usually sudden with fever and occasion- 
ally sweating and rigor. Severe pain in 
the joints and muscles is common, to- 
gether with headaches. In the acute ful- 
minating case, death may be rapid and 
the skin lesions may or may not be present. 
In the less fulminating cases a character- 
istic rash usually appears a day or 2 after 
onset. In the acute cases here described, 
Case | showed a pink erythematous rash, 
followed by petechiz over the extremities; 
Case 2 showed small macules, papules and 
several purpuric lesions over the extremi- 
ties. Both rashes appeared about 24 hours 
after the onset of acute symptoms. Gen- 
erally, the rash is on the legs, often the 
arms, and less frequently on the back and 
trunk. In most cases the rash is easily dis- 
cernible, but occasionally it will go unseen 
unless searched for carefully. Mitchell- 
Heggs‘ describes 4 types of skin lesions, 
namely: (1) small evanescent rose pink 
or brick red macules or papules, (2) 
petechiz, (3) purpura and ecchymosis oc- 
curring in the very acute cases, and (4) 
herpes labialis. These may be seen sepa- 
rately or in combination in a single case. 
A somewhat characteristic feature of the 
rash is tenderness on pressure, as seen in 
2 of our cases. 

Chronic meningococcemia refers to those 
cases that show a less acute onset and a 
prolonged clinical course. The symptoms 
are quite variable in their intensity and 
character. This is exemplified by the 3 
‘chronic cases herein reported. In Case 3 
the patient’s only complaint was chill or 
chilly feeling approximately every other 
day for 6 weeks prior to admission. It was 
only during the last week that he was 
incapacitated for full duty, since he felt 
quite well between chills. During his 
entire stay in the hospital he was com- 
fortable, and his only complaint was slight 
malaise. In Case 4 the patient noted the 
onset of symptoms about 45 days before 
admission with the development of fever 
and malaise. He later developed a rash 
and joint pains. The rash disappeared 
before admission, but reappeared while 
in the hospital. He was weak and listless 


and far more incapacitated than the other 
case. Case 5 had its onset about 2} months 
prior to admission and was never com- 
pletely well until after treatment with sul- 
fadiazine. 

In chronic meningococcemia the onset 
may be sudden with acute symptoms or 
the disease may begin mildly. Thereafter, 
some cases have been shown to subside 
spontaneously, others ran a low-grade 
active course, while others may be active 
only intermittently.? Generally speaking, 
fever, rash, arthralgia, chills and headache 
constitute the important features. Camp- 
bell!. reviewed 88 cases of meningococ- 
cemia which showed a prolonged course 
and found fever present in 82, rash in 78, 
arthralgia in 55, chills in 48 and headache 
in 40. 

There is nothing diagnostic about the 
fever in these cases as all types have been 
recorded, including 1 by Priest® resembling 
malaria. 

The rash is much the same as in the 
acute cases, except that purpura is much 
less frequently seen. The rash is more 
frequently seen on the extensor aspects of 
the limbs, the back and points of pressure. 
The lesions may be erythematous, macu- 
lar, papular, vesicular or resemble erythe- 
ma nodosum and erythema multiforme. 
Case 3 described here showed no skin 
lesions after careful search. Case 4, how- 
ever, showed pink macules 2 to 8 mm. in 
diameter over the lateral portions of the 
back, axillee and over the posterior aspects 
of the thighs. Case 5 showed macular 
and purpuric skin lesions intermittently. 

Arthralgia is another common symptom 
and was present in Case 4. Chills and 
headache are also frequently seen, but 
are of no specific diagnostic value except 
when associated with arthralgia and skin 
rash. 

LasoraTory Dracnosis. The diagnosis 
of meningococcemia presents an interest- 
ing and often confusing problem from the 
clinical standpoint. Thus it is important 
to resort to laboratory procedures in order 
to confirm clinical diagnoses and suspi- 
cions, Since treatment should not be de- 
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layed where meningococcemia is strongly 
suspected, rapid methods of diagnosis are 
especially valuable. A great deal of atten- 
tion has been focused recently upon the 
diagnosis of this condition by smears of 
the skin lesions.*® 

In this group of cases bacteriologic 
studies of the skin lesions were divided 
into 2 types: (1) scarification and (2) 
aspiration. ‘The scarification technique 
has been recently described by Tompkins*® 
and consists essentially of the same steps 
which are commonly used in the prepara- 
tion of a suspected syphilitic lesion for 
darkfield study. In the aspiration tech- 
nique, the skin over the lesion was pre- 
pared with alcohol. With a tight, auto- 
claved syringe and hypodermic needle 
about 0.1 cc. of normal saline was injected 
into the lesion, the point of the needle 
was moved about within the lesion in order 
to produce some tissue maceration, and as 
much fluid as possible was aspirated. The 
fluid obtained on aspiration and the tissue 
fluid obtained by scarification was cul- 
tured and smeared on slides. After fixa- 
tion in methanol the smears were stained 
with Giemsa and Gram’s stains and studied 
immediately. Smears showing intracellu- 
lar diplococci morphologically consistent 
with the meningococci were considered 
positive. 

One of the cases had no skin lesions but 
showed a positive blood culture on 4 sepa- 
rate occasions. Only 1 other case showed 
meningococcus on repeated blood cultures 
despite the fact that there was clinical 
evidence of an active bacteremia. Of the 
3 cases with skin lesions, all had positive 
smears and 2 showed growth of Group I 
meningococcus on culture of the material 
obtained by scarification and/or aspiration. 

It is our impression from this group of 
cases that blood cultures, and smears and 
cultures of material from skin lesions 
affords the highest percentage of labora- 
tory diagnoses. Other workers have re- 
ported results similar to those obtained 
in this series on blood cultures. The bac- 
teremia appears to be an intermittent 
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finding, even in acute cases showing the 
typical clinical picture of meningococ- 
cemia. Therefore, the value of a negative 
blood culture in an individual case is 
principally of academic nature and is not 
strong evidence against meningococcemia. 
Too, the fact that growth on blood culture 
is often delayed for several days decreases 
its value in the handling of a suspected 
case. To delay therapy until the blood 
culture is reported would, of course, be 
disastrous to many patients with men- 
ingococcic infections. It is of special 
value to have some laboratory confirma- 
tion, which is quite accurate, in the early 
stages of this disease. Smears of the skin 
lesions seems to fulfill this need. The 
culture of material from these lesions is of 
interest but is of added value only in the 
same manner as blood culture studies. 
Such cultures afford late confirmatory 
evidence in a fairly large percentage of 
the cases. Since all of these procedures 
are easily performed and may supply 
some further information, it is felt that 
they should be done routinely in all cases 
of suspected meningococcemia. 

Treatment. The treatment of these 
cases adds nothing to the information 
already present in the literature on this 
subject. The meningococcemia has been 
shown to respond to sulfonamide therapy 
in almost every instance. Recent evidence 


‘Indicates that penicillin is probably as 


effective as the sulfonamides and possibly 
more effective. Three of these cases re- 
sponded promptly and satisfactorily to 
sulfadiazine. Another responded to pen- 
icillin. The fifth case was apparently 
cleared of his bacteremia with sulfadiazine 
but because of the slow response of the 
arthritis penicillin was administered later 
in conjunction with the sulfadiazine. It 
was not felt that penicillin hastened the 
recovery of this case. 

Summary. 1. Five cases of meningococ- 
cemia, 2 acute and 3 chronic, are reported 
and the case histories are reviewed with 
reference to previously reported findings. 
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2. The importance of laboratory studies skin lesions was found to offer a valuable 
in the diagnosis of meningococcemia is rapid diagnostic method in suspected cases 
emphasized. Bacteriologic study of the of meningococcemia. 
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STUDIES IN EPILEPSY 


EXPERIMENTAL INDUCTION OF GRAND MAL SEIZURE DURING THE HYPNOIDAL 
STATE INDUCED BY SODIUM AMYTAL 


By Wayne Barker, M.D. 
COMMONWEALTH FELLOW IN MEDICINE 
AND 
Stewart Wotr, M.D. 
ASSISTANT PROFESSOR OF MEDICINE 
NEW YORK, NEW YORK 


With the technical assistance of CATHERINE LEE 


(From the New York Hospital and Cornell University Medical College) 


THE relationship between epilepsy and 
aggressive urges has been frequently dis- 
Ffamill? induced facial 
expressions of rage during attacks of petzt 
mal by tapping the patients lightly on the 
face. Bartemeier called attention to the 
common use of some components of the 
major fit in expression of anger.’ Barker 
has observed that convulsions, minor fits 
and equivalents occurred in rage-provok- 
ing situations in which the subject found 
it unacceptable either to experience or to 
express the emotion. He interpreted these 
fits as mechanisms which blocked con- 
sciousness of or expression of aggression.! 

Intravenously administered sodium am- 
ytal has been used in the study of other 
disorders as an aid in the understanding 
of the pathogenesis of symptoms. Symp- 
toms of asthma, hypertension, peptic ulcer 
and other syndromes have been precipi- 
tated or intensified during discussion of 
significant problems and abolished or 
diminished during reassurance.” Thus, 
the relevance of certain situations and 
conflicts to disordered bodily functioning 
has been established. The present com- 
munication reports the observation of an 
experimentally induced major convulsion 
as the subject abreacted violent rage. This 
rage had previously been repressed and 
was a significant factor in the develop- 
ment of his illness. A detailed psychologic 
study of this patient is presented else- 
where.! 


Case Report. A 56 year old married 
machinist was discharged from the Navy in 


1944 with the diagnosis of “Epilepsy.” He 
has also had frequent migraine headaches 
since the age of 8 and epigastric pain for 
nearly 2 years. Roentgen ray studies in 
November 1946 revealed a peptic ulcer. 
The chief complaints relating to the present 
illness were psychomotor seizures since the 
age of 16 and major convulsions since the 
age of 24. The details of the history, given 
here in sequence, were obtained in several 
interviews, some with the aid of sodium 
amytal and hypnosis. 

The subject’s mother had had “sick head- 
aches” but no relative is known to have 
had convulsions. He was the youngest, and 
is the only living, of 4 children born to the 
mother in her first marriage. The other 
children died in infancy of causes unknown 
to the patient. The patient knew nothing 
of the character of his real father until his 
entrance into military service required con- 
sultation of official records. He then learned, 
he says, that his father had been imprisoned 
for “assault” and “robbery” and was 
apparently a “criminal type.” 

The mother divorced her first husband 
shortly after the patient’s birth and imme- 
diately remarried. She was a cold, irritable, 
domineering woman, alternately solicitous 
and abusive. A half-sister, aged 12, is the 
only child of the second marriage. The 
patient was adopted in his first year by the 
step-father and was given his name at the 
age of 6. The latter was friendly and a good 
companion, but he was occasionally cruel to 
the patient in sudden outbrusts of rage. 
For example, when the patient was 8 he 
was one day “eating bits of food from father’s 
plate” when the father, in a burst of anger, 
picked up the plate and broke it over the 
patient’s head. Shortly thereafter head- 
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aches began. These were attributed to 
“sinusitis.” 

The patient’s birth and early development 
were not remarkable. He was circumcised 
at 18 months. He bit his nails until he was 
12 and had frequent temper tantrums when 
frustrated by his mother, until he was 
6 years old. They were terminated one day 
when he was very demanding for a toy and 
she slapped him so hard that some front 
teeth were dislodged. With the termination 
of his temper tantrums his attitude toward 
his mother changed. Previously warm and 
affectionate, he became hostile and suspi- 
cious in response to her alternately friendly 
and rejecting behavior. 

In addition to the headaches referred to 
above, he had océasional “stomach upsets”’ 
in late childhood. After an attack of ab- 
dominal pain, during his 12th year, an 
appendectomy was done. He did well in 
school work until he quit in the 3rd year of 
high school at the age of 16. His father 
was ill at the time with recurrent “ pneu- 
monia”’ and the patient went to work to 
help support the family. 

The onset of psychomotor seizures at 16 
was associated with the following sequence 
of events. In February 1936, because of 
headaches, he underwent an operation for 
drainage of the maxillary sinuses which, 
however, failed to relieve the headaches. 
In May of that year he was struck by a 
hard-driven baseball over the right eye and 
was “dazed” for about 6 hours. Shortly 
thereafter he had to quit school. In June, 
while ‘‘feeling big enough to get by with it,” 
he refused to do an errand. This act of 
defiance led to a violet quarrel with his 
father. The latter, while angry, struck the 
patient several hard blows with his fists. 
Under sodium amytal, he revealed the 
murderous wishes this fight aroused but 
which he was, because of his father’s demon- 
strated physical superiority, unable to act 
on. A feeling of helplessness and impotence 
resulted. Immediately after this fight the 
father, feeling regret, discussed their rela- 
tionship in a friendly manner and revealed 
that he had adopted the patient and had 
tried to treat him as his own son. The 
patient was deeply depressed by this news 
and some days later, while playing baseball, 
suddenly quit the game without explanation, 
walked home in a daze, and went to sleep. 


He awakened 2 hours later with complete 
amnesia for the episode. 

At monthly or bimonthly intervals for the 
next 3 years, he had similar seizures of 
dazed, “automatic” behavior, lasting 30 to 
90 minutes, followed by amnesia. Head- 
aches of the migraine type occurred at about 
the same frequency. One-sided facial ting- 
ling and scotomata which preceded the 
headaches also often immediately preceded 
the psychomotor spells. On rare occasions 
psychomotor attacks occurred during mi- 
graine headache. 

The first complete loss of consciousness 
occurred in January 1939, 3 years after 
onset of psychomotor seizures. His father 
had been in bed for 2 days with a “chest 
cold.”’ The patient came home from work 
on the 3rd day to find his father alone in 
the house and critically ill with pneumonia 
while his mother was at court involved in a 
minor litigation. He hurried to the court 
to get her. When he saw his mother he 
suddenly became enraged, rushed at her, 
and grasped her by the throat. The “lights 
suddenly began to go around and around” 
and he lost consciousness. His father died 
a few days later. The patient has never 
forgiven his mother for her “neglect” which 
he feels was responsible for his father’s 
death. 

For 6 months after this event, the patient 
was daily confused, depressed and irritable. 
Psychomotor attacks occurred at least once 
each day. In August of that year, against 
his mother’s wishes, he married a girl whom 
he had known for a few months, who “made 
me feel good.” His attacks then became of 
shorter duration and occurred once each 
month. However, marked dizziness was 
now associated with the spells. He con- 
tinued to work at the same job for the next 
few years and had been twice promoted 
when he entered the Navy in the summer 
of 1943. 

During his first 6 months in the Navy he 
had only 2 brief psychomotor spells. Then 
in September 1943, a few days after his 
convoy was under heavy attack, he sud- 
denly lost consciousness. He was hospital- 
ized on arrival in England whence he was 
returned to the United States. After several 
weeks of hospitalization and study, he was 
discharged from the service in April 1944, 
because of his disability. 

He had his first known major convulsion 


d 
d 
e, 
is 
e 
1e 
1e 
1e 
to 
re, 
he 
r’s 
he 
d- 


602 BARKER, WOLF: STUDIES IN EPILEPSY 


shortly thereafter during an argument with 
an overbearing truck driver. He has had 
approximately 15 major fits since that time, 
usually occurring promptly during situations 
provocative of intense anger. Psychomotor 
seizures, on the other hand, occurred more 
characteristically 2 or 3 days after unsuc- 
cessful attempts to forget episodes of anger. 

In 1945 the patient lost his steady job 
because of his fits. It became necessary for 
his wife to go to work to support the family. 
He soon began to have epigastric pain oc- 
curring 1 hour or 2 after meals and relieved 
by food taking. The patient, forced to 
work thereafter at odd jobs, became increas- 
ingly frustrated and angry. In this setting 
his fits beeame more frequent and his epi- 
gastric pain more troublesome. He was 
hospitalized in November 1946 and Roentgen 
ray revealed an ulcer. Gastro-intestinal 
symptoms were successfully alleviated by 
January 1947 and the ulcer had disappeared. 

Examination revealed the patient to be 
a short, stocky, young, white male in good 
physical condition. He displayed some 
blocking of thought, numerous adventitious 
movements of the skeletal and facial muscles 
and he appeared tense and depressed. He 
spoke in a low-pitched, flat voice and stut- 
tered intermittently. He seemed of above 
average intelligence. He was courteous in 
manner, well oriented, conscious of his mood 
and mental state, and seemed to be well 
motivated in seeking help for his difficulties. 
Examination of motor and sensory functions 
revealed no abnormal signs. Laboratory 


studies showed an abnormal electroencephal- . 


ogram with low voltage fast and 7 per 
second waves in all leads. An outburst of 
large, slow waves of the psychomotor type 
occurred during hyperventilation. Electro- 
encephalograms in a military hospital in 
1944 were also abnormal. Two oral glucose 
tolerance tests were abnormal, with blood 
sugars at the 3rd hour falling to 49 and 
59 mg. per 100 ec. respectively. 


OBSERVATION. The patient was placed 
in a semi-reclining position and needle 
electrodes were placed for monopolar 
recording on the 6 channel electroencephal- 
ograph. A control record was obtained. 
It was abnormal, though less so than in 
previous tests, in that slow waves were 
less frequent and the response to over- 


breathing was essentially normal. After 
a short rest, intravenous injection of 
sodium amytal was begun at the rate of 
1 cc. of a 10% solution per minute. 

The immediate relaxation induced in 
most patients during sodium amytal in- 
jection was in this case transitory. The 
patient shortly began to display, in face 
and posture, evidence of tension. Asked 
“What is the matter?” he replied, “My 
m-m-m-mother.” The patient stuttered, 
spoke in a low flat voice, and the attitude 
of tension increased. He began to grimace 
and to mutter over and over, “Oh, oh, oh.”’ 

He was asked, “ How does your mother 
bother you?” After a few seconds he 
said, in a tense, ominous tone, “I wish I 
could get ahold of her. I’d k-k-k-k-kill 
her.” He continued to speak of his 
mother, saying, “She’s no good. She’s 
always bothering me. All the time. All 
the time.’’ During these speeches his face 
acquired an increasingly angry expression 
and his voice became more and more 
hostile and threatening. “My mother 
killed my father,’ he continued. “T’ll 
kill her some time. She drives me crazy.” 
His teeth were bared, his voice snarling, 
and his attitude was expressive of violent 
hatred. 

The tempo of this state of rage had 
rapidly increased. He raised both clench- 
ed fists to his forehead and appeared no 
longer able to express the increasing in- 
tensity of emotion. Three minutes had 
passed, 0.3 gm. of sodium amytal had 
been given, and injection was stopped. 
Breathing during this period was not 
unusually accentuated. 

At this point the writing pens of the 
electroencephalograph were vibrating at 
full amplitude. Suddenly the subject’s 
expression became blank, he gave a short 
inspirating stridulent “cry,” and appeared 
to be in the tonic spasm of a major 
seizure. Clonic movement then occurred 
in rhythmic fashion and the patient in one 
burst kicked a hole in the wall of the room. 
There was no incontinence and he did not 
bite his tongue. 
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At the moment that the expression convulsion lasted for about 2 minutes and 
became blank the electroencephalograph was followed by stupor for 4 minutes, from 
began to record seizure patterns. The which the patient recovered and the inter- 
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Fie. 1.—EEG wave patterns during development of a major convulsion during sodium amytal inter- 
view. Monopolar recording through the 6-channel Grass machine. All illustrations from the right 
parietal lead with the usual amplification and filtering constant throughout. A, Control record before 
amytal was given. B, As the reaction passed from rage into the tonic phase of the convulsion. C, 
Overlapping continuation of B, showing the transition to D, end of the tonic phase with wave pattern 
similar to that described by Gibbs as “‘grand mal with petit mal component seizure.” 
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Fic. 2.—EEG during the further development of the convulsion shown in Figure 1. £, A clonic 
burst 41 seconds after the convulsion began. The high voltages threw the writing pens into the stops, 
producing the squared waves. F, Postconvulsive coma 3 minutes after the fit began. G, Ten minutes 
after the fit began and 6 minutes after recovery of consciousness. The absence of fast activity usually 
associated with the intravenous administration of sodium amytal is interesting. 
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view was continued. The stages of the fit 
as recorded in the electroencephalograph 
are shown in Figures 1 and 2. 

Discussion. The value of sodium amytal 
interview as an aid in establishing a con- 
nection between situational conflict and 
the symptoms of “epilepsy” is indicated 
by this experiment. 

In the patient’s life situation, symptoms 
ensued whenever he was unable fully to 
feel or express aroused anger. Major con- 
vulsions occurred when rage began to 
break through inhibitory restraints. Psy- 
chomotor seizures occurred when anger, 
perhaps modified by the delay, finally 
broke through the temporarily effective 
inhibition which had held it suppressed 
for 2 or 3 days. 

In the experiment, aggression increased 
exponentially as if restrictions had been 
removed. The rapidly mounting rage re- 
action was suddenly superseded by a 
major convulsion when the rage became 
uncontrollably intense and destructive 
action seemed imminent. It appeared 
that the fit deflected the murderous drive 
from its socially unacceptable goal and 
allowed its discharge as undirected energy. 
Thus, with the onset of the fit, his frankly 
menacing attitude, verbal threats and 
hostile behavior were abruptly succeeded 
by blankness of facial expression, silence, 
unconsciousness and convulsion. 


The inhibitory influences opposing ag- 


gressive drives are presumably contained 
in the function of the cerebral cortex, 


sodium amytal has been administered may 
be described as “uninhibited.” Wolff and 
Gantt" have reported a phase, occurring 
shortly after the injection of comparable 
amounts of barbiturate, in which condi- 
tioned reflex response is briefly but sig- 
nificantly augmented. The studies of 
Himwich and his group®® indicate that 
the frontal cortex is the first to be affected 
during the administration of the barbitu- 
rates. Diethelm‘ observed incidentally 
the occurrence of major convulsions short- 
ly after the induction of hypnosis but 
made no comment on the mechanisms by 
which they were produced. It is sug- 
gested that the violence of this subject’s 
reaction resulted from the inactivation by 
sodium amytal of cortical inhibitory influ- 
ences and subsequent mobilization and 
liberation of repressed emotion. 

The subject was closely observed by 
both authors during the experiment and 
neither excessive hyperventilation nor 
Valsalva-like maneuvers were noted 

Summary and Conclusions. It has been 
possible to produce in an “epileptic” 
patient, under light sodium amytal narco- 
sis, during abreaction of a relevant con- 
flict, an attack of grand mal, clinically 
and electroencephalographically charac- 
teristic. The attack culminated and inter- 
rupted an increasingly violent and intense 
state of rage. The sequence of events 
suggests that the fit constituted a resolu- 
tion of the conflict between uncontrollable 


particularly of the frontal lobes. And in rage and the restrictions of conscience and 
general, the behavior of persons to whom __ society. 
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MENTAL DEFICIENCY OF PRENATAL ORIGIN: A CHALLENGE TO 
PREVENTIVE MEDICINE* 


By Prrer GRUENWALD, M.D. 
INSTRUCTOR IN PATHOLOGY 
BROOKLYN, NEW YORK 


(From the Department of Pathology, Long Island College of Medicine) 


DurinG the past few years research in 
several seemingly unrelated fields has re- 
vealed a number of possible prenatal 
causes of mental deficiency. The present 
brief review of this work is intended to 
show how much information has accumu- 
lated which, if further investigated, may 
offer practical means of prevention of a 
significant proportion of all cases of men- 
tal deficiency. The great importance of 
the problem under consideration is ap- 
parent from Benda’s* data, which show 
that 2 to 4% of the population have some 
degree of subnormal mental development, 
and that the cause of idiocy is antenatal 
in 50%, and that of imbecility in 40% of 
all cases. Benda® also states that 30 to 
40% of the severe cases of mental defi- 
ciency arise in families who could expect 
normal offspring. The distribution of 
some of the important types of feeblemind- 
edness is shown by Benda’s!® review of 
200 autopsies. These included, among 
others, 50 cases of mongolism, 19 micro- 
cephalics, 13 hydrocephalics, 5 instances 
of congenital syphilis, 2 of Kernicterus, 
20 familial morons and high-grade imbe- 
ciles and 15 endogenous idiots and low- 
grade imbeciles. 

In addition to feeblemindedness of 
strictly prenatal origin, mention will be 
made of mental defects which are caused 
at the time of birth, as well as certain 
forms of blindness and deaf-mutism. 
The latter conditions are related to men- 
tal deficiency not only because they, too, 
confine many patients to institutions, but 


also because their causes are often strik- 
ingly similar to those of feeblemindedness. 
The conditions to be discussed, and the 
principal pathologic changes associated 
with them, are compiled in Table 1. 

Much of the work to be reviewed has 
been reported only recently and cannot 
be fully evaluated at this time. Various 
reports will therefore be taken at their 
face value, to serve as leads for further 
work. 

Numerous hereditary traits produce 
mental deficiency, with or without con- 
spicuous gross malformations.”* Their 
prevention is obviously a matter of eu- 
genics, and can only be carried out with 
promise of success when it is based on 
knowledge of the genetics of the trait in 
question. Snyder has reviewed the fac- 
tors to be considered in the genetic analysis 
of a trait, and pointed out some of the 
mistakes commonly made in investigations 
of this kind. In view of the rarity of some 
of the traits to be examined, a coérdinated 
nationwide effort may be necessary in 
order to obtain statistically significant 
information. American advocates of eu- 
genics recommend voluntary measures, 
often only in the form of informing pro- 
spective parents about the probability of 
having abnormal offspring. To draw the 
proper conclusions from such information, 
requires on the part of those being advised 
a level of intelligence and codperation 
which may be lacking, particularly among 
persons with low-grade feeblemindedness 
who are not confined to institutions. 


* The material presented in this article was gathered in the course of a more extensive review 
of mechanisms of abnormal development.*® It was felt that the subject should be presented 
separately and in more detail, in order to call attention to the large volume of information of potential 
medical significance which has become available during the past few years. It is obvious that no one 
can be an expert in all of the special fields upon which this compilation has touched. For this reason 
the author has largely refrained from a critical discussion, and has limited himself to gathering data 
which may be stimulating and valuable to workers in the various specialties concerned. 
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Gamble*’ recently reported on sterilization 
of the mentally deficient which is now 
provided in 24 states. Eugenics also pre- 
sents problems other than medical, which 
will not be discussed here. 

Among fetal infections capable of pro- 
ducing lesions leading to defects of mental 
development, eye sight or hearing, syphilis 
has long been recognized and extensively 
studied. The method of its prevention, 
namely, antisyphilitic treatment of the 
mother, has been widely adopted and has 
resulted in a diminution of the frequency 
of congenital syphilis. The problems in- 
volved in this treatment, and much in- 
formation concerning incidence and prog- 
nosis of treated and untreated congenital 
syphilis, have been gathered by Moore.“ 
According to figures quoted by Moore, 
64.5 % of the infants of untreated syphilitic 
mothers are infected in utero. Of these, 
about 5% develop neurosyphilis; eye le- 
sions are found in about 1 % of early cases, 
and in 30 to 55% of late cases. Deafness 
occurs in 1.8 (13.6%) of late cases, ac- 
cording to 2 sources quoted by Moore. 
Dayton” found in a large series of men- 
tally defective inmates of institutions that 
in 1.7% of all cases the cause was pre- 
sumably congenital syphilis. It is con- 
cluded that syphilis is a “negligible fac- 
tor” in the causation of mental deficiency. 
Education of the public, prenatal examina- 
tion and care, and effective antisyphilitic 
treatment have contributed to a reduction 
in the incidence of congenital syphilis. In 
1946, 32 states in this country required a 
negative serologic test for syphilis from 
both applicants for a marriage license. 
Despite progress in the control of this 
problem, there are still considerable num- 
bers of infants born in our time with 
manifest or hidden syphilitic infection. 
The pathology of the lesions in the brain 
does not differ essentially from that in 
syphilis acquired after birth; meningitis, 
vascular lesions, degenerative changes, or 
gummas may occur. Eye changes include 
iridocyclitis, keratitis, chorioretinitis and 
atrophy of the optic nerve.” Lesions in 
the ear have been reported by Mayer* 


607 


and by Mayer and Fraser.“ Mayer as- 
sumes an extension from syphilitic men- 
ingitis to the acoustic nerve and labyrinth. 
Mayer and Fraser describe gummatous 
osteomyelitis and periostitis, serous laby- 
rinthitis and gummas_ in the ganglion 
spirale. Changes in the viscera, skeleton 
and skin are described in textbooks of 
pathology. 

Our knowledge of congenital toxoplas- 
mosis and its cerebral and ocular manifes- 
tations is relatively recent. It appears 
that many persons carry toxoplasma with- 
out untoward effects, but transmission 
from the mother to the fetus may lead to 
severe changes, including encephalitis, 
hydrocephalus, chorioretinitis and visceral 
Obviously, further research 
must endeavor to determine toxoplasma 
carriers in man and animals, and find 
means to prevent or combat infection. 
Morphologic recognition of toxoplasma 
carriers offers considerable difficulties even 
at autopsy.“ Immunologic methods were 
recently used in a family with 1 affected 
member, and revealed positive reactions 
in 10 of 11 persons tested.! 

Since the first report by Gregg in 1941,° 
a large number of workers have described 
malformations which develop if the mother 
contracted certain virus diseases, usually 
rubella, during the early months of preg- 
nancy. Articles by Swan,” Albaugh? and 
Aycock and Ingalls* will serve to intro- 
duce the reader to the rapidly growing 
literature on this subject. 

Included are, among other abnormali- 
ties, mental deficiency, deaf-mutism and 
blindness, occurring in various combina- 
tions. The number of cases on record 
suggests a high incidence of maldevelop- 
ment, and some authors®-* believe that 
it is close to 100% if rubella occurs during 
the 1st or 2nd month of pregnancy. On 
the other hand, Fox and Bortin™® found 
many cases without malformations in epi- 
demics in Milwaukee. It is obviously 
more difficult to find these negative cases 
than those with malformations. The 
virus may not be identical in all instances, 
and carry a different pathogenicity for 
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the fetus in various epidemics.?9-5.67,68 
Conte, McCammon and Christie!’ exam- 
ined a series of cases with malformations 
resembling those known to follow maternal 
rubella. They obtained a history of 
rubella during pregnancy from 5 of 61 
mothers who answered their questionnaire. 
This is a high percentage, particularly in 
a group that includes mongolism and 
hydrocephalus, which probably have other 
causes in the majority of cases. In a 
similar survey reported by Hopkins,* 10 
of 116 mothers gave a history of rubella 
and 2 of influenza. Even though abnor- 
malities may not occur in all cases with 
rubella during the early months of preg- 
nancy, they are certainly sufficiently fre- 
quent to demand preventive measures 
aimed at the control of rubella during the 
child-bearing age. The interruption of 
pregnancies complicated by rubella during 
the first trimester as taken into considera- 
tion by several authors,?*.?°..67 is at best 
a temporary expedient, to be employed 
until a true preventive measure is found. 
Even now the objection may be raised 
that the high incidence of malformations 
following rubella has not been proved 
beyond doubt.* 

™ It is not known whether the fetus itself 
is infected with rubella, or suffers from 
sequel of changes in the maternal organ- 
ism. The pathology of the brain has not 


been reported. In many cases there is — 


microcephaly ; very recently the occurrence 
of mongolism has been found. Eye mal- 
formations include cataract of a specific 
type, microphthalmia, and congenital glau- 
coma. The histologic appearance of the 
cataract in infants has been described by 
Swan.® Two reports deal with presumed 
early stages of eye lesions. One!® de- 
scribes changes in the lens of a 2 month 
embryo which may well be insignificant 
artefacts. The other one® reports in an 
early embryo unilateral microphthalmia 
with changes of such severe degree that 
they could hardly have gone on to the 
types of microphthalmia usually seen in 
affected children. The inner ear has been 
examined only in 1 case; it showed defec- 


tive differentiation of the labyrinth.“ In 
the viscera, heart malformations occur and 
have been identified in some cases as 
patent ductus arteriosus and interventricu- 
lar septum.® Microscopic examination of 
various organs of 3 infants revealed no 
definitely significant abnormalities. Ob- 
viously, additional autopsy findings in 
embryos and infants are needed. 

Endemic cretinism has long been recog- 
nized as a sequel of a deficiency of thyroid 
hormone or iodine in the maternal environ- 
ment of the fetus. Associated deaf-mut- 
ism occurs in the same endemic areas.*:”° 
The problems of cretinism have been dis- 
cussed by Nobel, Kornfeld and Ronald,” 
Benda," and very recently by Hurxthal 
and Musulin.* The latter authors have 
shown that many possible causes must be 
considered, and that the problem of the 
origin of cretmism is far from solved. 
There are not only various environmental 
factors to be taken into consideration, but 
also intrinsic ones, such as a hereditary 
inability to use iodine to the full extent.®-™ 
Mental deficiency of cretins often fails to 
respond satisfactorily to hormone therapy. 
It is therefore believed that this defect is 
either caused by thyroid deficiency at a 
very early prenatal age, or codrdinated to 
the hormonal defect rather than caused 
by it. In the opinion of many authorities 
the preventive use of iodine in the diet 
in endemic areas has greatly reduced the 
incidence of cretinism. Wespi” finds that 
in Switzerland the decrease in the incidence 
of deaf-mutism is in direct proportion to 
the increased use of iodized salt in the diet. 
The pathologic changes in the brain are 
not well known." In the inner ear hyper- 
ostosis of the bony labyrinth has been 
observed.* 

A maternal pituitary deficiency, not 
clearly defined in its mechanism, is believed 
by Benda, Dayton and Prouty™ to be the 
cause of mongolism. This theory is based 
on pathologic findings in various parts of 
the body. Beidleman® supports this view. 
Other investigators" accuse an abnormal 
uterine environment of the fetus, and 
mention in support of this theory the fre- 
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quent history of a preceding abortion. 
Still others*'** find indications of some 
genetic factor involved. Southwick®* sug- 
gests that an intragametic, non-chromo- 
somal factor causes mongolism. Even if 
there is pituitary deficiency, and if the 
diagnosis can be made in the newborn, 
the question remains whether substitution 
therapy after birth will be effective. It 
seems more desirable to recognize and 
eliminate the condition in the mother 
before it affects the fetus. An extensive 
review of the subject, favoring the theory 
of pituitary deficiency, has been given by 
Benda" and criticized by: Macklin and 
Snyder.“ Ingalls® has recently reviewed 
the various manifestations of mongolism, 
and the existing theories dealing with their 
cause. He concluded that none of these 
theories explain satisfactorily all known 
features of mongolism. It is stated that 
many of the relatively frequent concomi- 
tant malformations originate during the 
6th to 9th week of fetal life, and that a 
cause acting at that time or earlier 
should be sought for. One might add to 
Ingalls’ considerations that not all cases 
of a given syndrome of developmental 
abnormalities must necessarily have the 
same cause. It has been found that 
widely different factors, even genetic and 
extrinsic ones, may have a very similar 
effect, probably by acting upon the em- 
bryo at a stage when a definite: pattern of 
sensitivity of various parts exists.*° As 
to the time of origin of abnormalities, the 
old practice of determining it from data 
of normal descriptive embryology (terato- 
genetische Terminationsperiode of the old 
teratologists) is very unreliable in many 
instances. We have learned during recent 
years that mechanisms of maldevelop- 
ment differ so widely (including even 
secondary degeneration) that they cannot 
possibly be determined by speculation.*° 

The inconspicuous pathologic changes 
in the brain in mongolism have been de- 
scribed by Benda.’?"" A peculiar type of 
cataract occurring occasionally in mon- 
golism and cretinism is on record. A 
large variety of other malformations fre- 


quently associated with mongolism have 
been discussed by Ingalls. As an example 
of these, septal defects in the heart may 
be mentioned; they were found at autopsy 
in 22 of 30 cases.*® 

Fetal oxygen deficiency as a cause of 
brain damage and subsequent mental de- 
fect has been studied by several investi- 
gators in infants.**.5’ and in experimental 
animals.”:7 occurs most commonly 
during labor, but it may also happen 
earlier, as is indicated by yellow stained 
vernix of some newborns who are not 
icteric. This stain is due to meconium, 
discharged into the amniotic cavity during 
an episode of anoxia some time before 
birth. In guinea pigs, controlled periods 
of anoxia at birth produce morphologic 
changes in the brain, and abnormalities 
of behavior which, if not severe, are 
comparable with human mental defi- 
ciency.”:? In human cases it is difficult 
to decide whether brain damage is the 
cause or the sequel of anoxia, but there 
are good indications that in some cases 
the cerebral changes are produced by 
anoxia.*®57_ Proper prenatal and obstetri- 
cal care should reduce anoxia of the fetus 
to a low minimum. In certain cases, 
maternal and consecutive fetal anoxia 
should be combated by the administration 
of oxygen to the mother.5 

When Levine and co-workers” discov- 
ered that erythroblastosis fetalis is caused 
by maternal antibodies transmitted ‘to the 
fetus (usually if the fetus is Rh-positive 
and the mother Rh-negative), it became 
apparent that Kernicterus and the asso- 
ciated functional disturbances are also 
caused by this blood group incompatibil- 
ity in the majority of cases.” Only 
recently a statistical evaluation of blood 
group examination in mentally defective 
children and their mothers suggested that 
milder forms, which do not have the typical 
Kernicterus sequel or a history or eryth- 
roblastosis, may also be due to this 
mechanism and account for a considerable 
percentage of cases of undifferentiated 
mental deficiency.:* The pathologic 
mechanism of brain damage by maternal 
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antibodies or their effect is not clear. 
The recent suggestion of Wiener and 
Brody,” that agglutination thrombi in 
cerebral vessels are the cause of brain 
damage, needs confirmation. 

Damage to the fetus by therapeutic 
doses of Roentgen rays or radium is well 
known. It may result in microcephaly, 
hydrocephalus, microphthalmia and other 
malformations.”*?.** The need for pre- 
venting the irradiation of the fetus is 
obvious and well-recognized. Murphy* 
has suggested that each therapeutic irra- 
diation of the pelvic region of a woman 
in the child-bearing age should be pre- 
ceded by a diagnostic curettage, in order 
to avoid irradiating an undetected fetus. 
Diagnostic doses as used for roentgeno- 
grams are not known to be harmful; flu- 
oroscopy should be done with greatest 
caution. 

It should be clear that this  well- 
established cause of malformations is 
different from the more problematic effect 
of radiations on the genotype, producing 


mutations which determine hereditary 
malformations in the offspring. The 
occurrence of the latter process, and 


causation of malformations by it in man 
has not been established;?? yet, most 
authors advise protection of the gonads 
from irradiation, unless their generative 
activity is completely destroyed.*50.5.58 

Malformations of unknown cause and 
origin cannot be prevented. Here our 
efforts must be directed toward the recog- 
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nition of the causes or, in some suitable 
cases, toward correction of the defect 
before it produces mental deficiency. The 
latter has been done with good success in 
certain cases of hydrocephalus.” 

Birth injury by anoxia has already been 
discussed. Mechanical injury of the brain 
or meninges, usually accompanied by 
hemorrhage, has occupied the mind of 
obstetricians to a great extent, and should 
be rare under proper obstetrical care. In 
recent years the surgical removal of sub- 
dural hematomas has contributed to the 
prevention of cerebral and mental changes 
when injury had occurred.” The obstetri- 
cian’s difficulties are increased by the fact 
that procedures which diminish the dura- 
tion of anoxia during labor, tend to in- 
crease the danger of mechanical trauma, 
and wice versa. 

Conclusion. This 
that there is hardly one field in medicine 
which cannot contribute informatiotr 
ed for the prevention of mental deficiency, 
blindness and deaf-mutism. Just how 
many cases are due to each of the above- 
mentioned factors may not be known until 
they can be prevented. 
information now at our command, we can 
no longer say that antenatal causes of 
mental deficiency are beyond our control. 
The cost of the most extravagant research 
program in this field may well turn out 


brief review shows 


need- 


In view of the 


‘to be lower than the savings of our com- 


munities resulting from a reduced number 
of inmates in their institutions. 
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THE procedure of artificially raising 
intratracheal pressure, which is herein 
referred to as “‘pressure breathing,” was 
first applied in the treatment of pulmo- 
nary edema by Emerson in 1909.'° It 
successfully tided animals over the acute 
edema produced by a large dose of epi- 
nephrine. A number of years later it was 
employed clinically by Barach in the 
treatment of bronchial asthma, pulmo- 
nary edema of various origins, and other 
forms of respiratory distress with appar- 
ently good results.1? Trial of this pro- 
cedure in the treatment of the pulmonary 
lesions produced by phosgene and other 
lung irritants was suggested because many 
of the signs and symptoms of such war 
gas poisoning present an analogy with 
bronchial asthma, in addition to the mas- 
sive pulmonary edema.°® 

Pressure breathing has been regarded 
as a valuable therapeutic aid when it was 
applied in cases of lung damage produced 
by chlorine and other pulmonary irri- 
tants.°8 A similarly favorable evaluation 
has been made in cases of accidental phos- 
gene poisoning."** It is not certain, how- 


rate of phosgene-poisoned dogs. 


ever, that pressure breathing was the 
most important of the several therapeutic 
procedures employed and up to the pres- 
ent it has not been demonstrated that 
pressure breathing is of critical value in 
the treatment of poisoning by lung irri- 
tants. The value of pressure breathing 
in the treatment of the victims of the 
Cocoanut Grove fire is similarly uncer- 
tain.4:9-11,16 

The experiments described below were 
designed to determine whether pressure 
breathing increased the ultimate survival 
Two 
forms of pressure breathing were em- 
ployed: (1) pressure on expiration only, 
and (2) pressure on inspiration with a 
slight resistance at the onset of the expira- 
tory phase. The results obtained with 
these 2 procedures did not warrant trial 
of maintaining a constant positive pressure 
throughout the respiratory cycle. 


Methods. The dogs used in these experi- 
ments were healthy adult mongrels, weighing 
7 to 12 kg. They were gassed in pairs or 
fours by the 2 methods previously described, ® 
the high concentration-short duration and 


* The work described in this paper was done under a contract recommended by the Committee on 
Medical Research, between the Office of Scientific Research and Development and the University of 


Pennsylvania. 
+t Formerly Lieut. (MC) USNR. 


The Bureau of Medicine and Surgery, U 


. S. Navy, does not 


necessarily endorse the views or opinions which are expressed in this paper. 
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the low concentration-long duration ex- 
posures. Within the ranges indicated in 
these experiments, concentration and time 
may be varied reciprocally by a factor of 10 
without significantly affecting mortality or 
physiologic or pathologic findings. One dog 
of each pair became a simultaneous toxic- 
ity control by lottery. 

Immediately after gassing the treated 
animal was lightly restrained on its side on a 
table and pressure breathing with oxygen 
for 50 minutes of every hour was adminis- 
tered for the first 36 hours after gassing, or 
until death within that time. This regimen 
was designed to obviate any possibility of 
oxygen poisoning and yet be sufficiently pro- 
tracted to carry the animal over the period 
in which the vast majority of deaths occur. 
In the interval the dog was offered food and 
water and turned to the other side. Each 
treated animal was under the continuous 
individual supervision of an attendant.* 
The control animals were placed in nearby 
individual cages with food and water and 
were undisturbed except for the routine 
observations on heart rate, respiratory rate 
and hematocrit values which were made at 
regular intervals on the dogs of both groups. 
Animals which died were either autopsied at 
once, or stored at—4° C. overnight. Surviv- 
ors of the 36 hour treatment were placed in 
cages beside the control dogs and kept under 
observation for 5 days. Subsequently sur- 
vivors were cared for in the regular animal 
quarters. 

Pressure breathing on expiration was 
administered by means of a close fitting 
metal mask equipped with valves which 


permitted inspiration at atmospheric pres- ' 


sure from a reservoir bag, and directed the 
expiration against a hydrostatic pressure 
head of 6 cm. H.O. The dead space of the 
mask and tubing between the valves. was 
100 to 200 ce., depending on the size and 
shape of the dog’s muscle. The tubing and 
valves were those used in the 7 inch diameter 
air lines for human experiments; there was 
no intrinsic resistance to air flow in the 
apparatus. 

Pressure breathing on inspiration was ad- 
ministered by means of a devicef on the 
metal mask which consisted essentially of a 


reciprocating valve linked to a demand-valve 
diaphragm and a source of compressed gas; 
the reciprocal valve mechanism was actu- 
ated by the animal’s own breathing move- 
ments. The valves were set so that when 
the dog developed —0.3 cm. H,O pressure 
at the onset of inspiration, the inflow valve 
on a 3 pound pressure line opened and the 
expiratory valve closed; when the pressure 
inside the mask (and the animal’s trachea) 
had built up to +6 em. H,O pressure, the 
inflow valve closed and the expiratory valve 
opened, permitting almost resistance-less 
expiration. A hand adjustment controlled 
the volume rate of gas inflow so as to build 
up a positive pressure within the time 
allotted to inspiration by the dog without 
creating a blast effect. It was possible to 
keep this typeof pressure breathingon an ani- 
mal breathing as rapidly as 100 per minute. 


Resutts. Pressure Breathing on Expi- 
ration. The data on this form of pressure 
breathing are grouped according to the 
type of exposure to phosgene (CG) and 
whether oxygen or air was breathed by 
the dogs. These data are assembled in 
the upper 4 brackets of Table 1, labelled 
A, B, C and D. 

Group A: These dogs were gassed for 
30 minutes at a mean concentration of 
0.293 mg./liter. The treated dogs then 
received pressure breathing on expiration 
(6 em. H.O) for 50 minutes of every hour 
for 36 hours, using 100% oxygen as the 
inhaled gas. A beneficial effect on mor- 
tality was not observed, nor was the pul- 
monary edema decreased by the treat- 
ment, according to the lung/body weight 
ratios of those that died within 72 hours. 

Group B: These dogs were gassed at a 
mean concentration of 3.19 mg./liter for 
2} minutes, and given pressure breathing 
us in Group A. The series was terminated 
when the low control mortality became 
apparent. While the number of dogs is 
too small for evaluation, the results are 
in line with those of Groups A and C, and 
are taken to indicate that use of lower 


* We wish to express our appreciation of the codperation and courtesy of Capt. Jesse W. Allen and 
Capt. Joseph A. Biello, USN, through whom the services of a group of Medical Corpsmen were obtained. 

+t We wish to acknowledge our indebtedness to Mr. P. E. Meidenbauer and the Scott Aviation Corpo- 
ration, Lancaster, N. Y., who generously lent to us this specially built apparatus, 
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mortality rates would be unlikely to affect 
the general interpretations. 

Group C: The dogs in this group were 
gassed at a mean of 3.24 mg./liter for 
3} minutes and received pressure breath- 
ing on expiration, using 100% oxygen, as 
in Group A, except that the mask was 
removed for 5 minutes of every 3 hour. 
No evidence of benefit was observed, as 
judged by either the mortality or the 
lung/body weight ratios. 


tance. This group is also a control for 
Group C, insofar as increased oxygen need 
due to the work of exhalation against a 
resistance is concerned. Here, too, no 
evidence of real benefit was observed. 
The data of these 5 groups of experi- 
ments uniformly deny the possibility that 
pressure breathing increases survival in 
experimental phosgene poisoning, despite 
the additional use of oxygen under condi- 
tions which should preclude oxygen poison- 


TaBLE 1.—TuHeE EFrects oF PRESSURE BREATHING ON THE MortTALITY OF PHOSGENE- 
POISONED Docs 


(Groups A, B, C and D received pressure breathing on expiration, while Group E received pressure 
breathing on inspiration, for the first 36 hours after gassing. See text for details of procedures 


and doses of phosgene.) 


Cumulative deaths at: 


In dogs dying within 3 days 


Lung/body 


Hours of 


No. 12 24 36 48 

Procedure dogs hrs. hrs. hrs. hrs. 3 days 10 days Mean Range Mean Range 

A Treated 23 4 10 12 15 16 (70%) 19 (83%) 22.6 (1.6-52.5) 4.6 (2.5-6.4) 

Control 23 6 11 12 13 14 (61%) 17 (74%) 21.1 (8.0-72.0) 4.6 (3.4-5.8) 

B Treated 5 1 2 2 3 3 (60%) 3 (60%) 19.5 (4.0-36.5) 3.2 (2.0-4.0) 
Control 5 0 0 0 1 1 (20%) 1 (20%) 36.5 4.1 

C Treated 19 3 6 7 9 9 (90%) 9 (90%) 20.5 (9.0-45.0) 4.2 (3.1-4.9) 

Control 10 6 6 6 6 6 (60%) 6 (60%) 8.2 (6.0-10.5) 4.2 (2.8-5.3) 

D Treated 16 10 16 16 16 16 (100%) 16 (100%) 12.8 (4.0-20.8) 3.8 (3.0-4.8) 

Control 16 3 9 12 12 12 (75%) 12 (75%) 17.0 (8.0-32.0) 4.3 (3.2-5.3) 

E Treated 22 9 13 138 16 «17 (77%) 19 (86%) 21.6 (7.0-50.0) 4.2 (2.9-6.1) 

Control 24 3 13 18 19 19 (79%) 19 (79%) 18.1 (4.0-46.0) 4.2 (3.2-6.7) 


Group D: These dogs were gassed with 
the same doses of phosgene as Group C, 
but inhaled air instead of oxygen. This 
group was designed as a control on the 
procedure and the use of oxygen in con- 
nection with pressure breathing. It ap- 
pears that the oxygen was responsible for 
whatever prolongation of life occurred in 
the other groups. Both the disproportion- 
ate number of early deaths and the de- 
creased ultimate survival in this group are 
evidence that the procedure was valueless, 
if not actually harmful. 

Group E: Pressure Breathing on Insjn- 
ratuon. These dogs were exposed to a 
mean phosgene concentration of 3.29 mg./ 
liter for 33 minutes and then were given 
pressure breathing on inspiration during 
50 minutes of each hour for 36 hours; the 
inspired gas was 100% oxygen. As indi- 
cated above, inspiration was made almost 
completely passive by the mechanism and 
expiration was essentially without resis- 


ing. Two changes were observed under 
pressure breathing which are desirable 
symptomatically: (a) the respiratory 
rate was generally slower during either 
type of pressure breathing with oxygen; 


- (b) application of pressure breathing when 


rales were present caused the rales to 
disappear almost completely except short- 
ly before death. On the other hand, the 
rales promptly returned when pressure 
breathing was discontinued. Also the 
rate of development of edema under 
pressure breathing was comparable with 
that of the controls according to the hema- 
tocrit changes, and the final degree of 
edema in the lungs at death was similar 
in the control and treated groups, as 
judged by the lung/body weight ratios. 
The changes in heart rates of control and 
treated animals were similar throughout. 

In another series of 9 gassed dogs (not 
included in the table) pressure breathing 
on expiration at 4 to 6 cm. H,O pressure 
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with oxygen was applied for 2 to 3 hours 
at various periods in the course of poison- 
ing in different dogs. Again, no reduction 
in mortality was observed. 

Discussion. These experimental data 
fail to bear out the expectations warranted 
by the previously cited clinical evalua- 
tions. Therefore it is of interest to exam- 
ine the mechanism by which pressure 
breathing might influence the course of 
phosgene poisoning. It should be recalled 
that the edema fluid of phosgene poisoning 
is essentially blood plasma and that it 
forms as a result of an increased capillary 
permeability and not because of a raised 
pulmonary vascular pressure gradient.®-” 

Pressure breathing has been conceived 
to exert in effect a net positive tissue 
pressure which complements the colloidal 
osmotic pressure in keeping fluid within 
the vessels. This conception implies a 
more or less normal capillary permeability 
and therefore it is unlikely that such a 
mechanism would be effective in phosgene 
poisoning. Conversely, pressure breath- 
ing might promote the formation of 
edema. If the applied pressure is less 
than pulmonary capillary pressure, the 
small veins and postcapillary venules 
would be compressed more effectively 
than the rest of the vasculature and the 
flow through them would be reduced or 
even stopped. This would cause a “ back- 
ing up” of hydrostatic pressure in the 
capillaries with establishment of a new 
pressure gradient.’ It is not clear whether 
the net effect on the capillaries would 
always come to zero,"-!7 as an attempted 
numerical analysis failed because of inade- 
quate knowledge of the pressure gradients 
in such a lung. The principle of venous 
obstruction, however, is demonstrable in 
the case of experimentally raised cerebro- 
spinal pressure and it should apply here 
too. 

A part of the positive pressure is trans- 
mitted through the pleura and applied to 
structures entering the thorax with the 
result that the entrance of blood into the 
thorax is Although 
the positive pressures employed in those 


experiments were usually higher than 
that used in the present work, some reduc- 
tion of flow through the lungs is to be 
anticipated, as well as a squeezing forward 
of blood which is more or less static in 
the lungs. On the one hand, this might 
be beneficial in reducing the pulmonary 
congestion seen in phosgene poisoning,* 
but on the other hand it may accentuate 
the shocklike hemodynamics and exag- 
gerate the anoxemia. Beecher et al.’ and 
Carr and Essex’ have observed that the 
circulatory effects of pressure breathing 
were magnified when the animal’s circu- 
lation was poor. From this standpoint 
the net effect of pressure breathing is 
probably deleterious, although it. still 
remains problematical. 

Another effect of pressure breathing is 
dilatation of the bronchi and bronchioles; 
this has been demonstrated roentgeno- 
graphically.*:7 During the acute stage of 
phosgene edema, the viscous edema fluid 
enters the bronchioles and eventually 
forms a froth which acting as a “ water- 
lock” stops the gas exchange. Pressure 
breathing should facilitate the passage of 
air or oxygen to the alveolar regions by 
widening available routes and by breaking 
through these “ water locks.” It is reason- 
able to ascribe the prompt disappearance 
of rales to this dilator action of pressure 
breathing; reduction or disappearance of 
rales, however, is not necessarily evidence 
of resorption of edema fluid. 

The experiments reported here may be 
criticized on the basis that the pressure 
employed for pressure breathing (6 cm. 
H,O) was too low to be really effective. 
However, in preliminary experiments, this 
pressure was found to be the maximum 
which was tolerated by the dogs for any 
extended periods. Furthermore, this is 
the highest pressure with which favorable 
clinical results were obtained. 

Pressure breathing on expiration was 
apparently associated with considerable 
effort; the extra oxygen need created by 
such work probably was in part responsible 
for the increased mortality in Group D. 
This added effort was not apparent with 
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pressure breathing on inspiration, which 
in addition almost completely removes 
negative pressure in the lungs during the 
respiratory cycle. Of the 3 systems of 
administration, pressure breathing on ex- 
piration seems to be the least desirable, 
although it is the most convenient. 

These results indicate that pressure 
breathing would be ineffective or even 
harmful in phosgene poisoning in man. 
Apparently pressure breathing is either 
not suited, or is not sufficiently compre- 
hensive to deal with the anatomic and 
functional damage found in_ phosgene 
poisoning. 


Summary. 1. Pressure breathing with 
oxygen at 6 cm. H,O, both on inspiration 
and on expiration, was administered to 
phosgene-poisoned dogs for the first 36 
hours after gassing. No reduction in 
mortality was observed and according to 
the hematocrit changes and the lung/body 
weight ratios at death, neither the rate 
of development nor the final degree of 
pulmonary edema was influenced by such 
treatment. 

2. Certain of the data suggest that 
such treatment may be harmful in phos- 
gene poisoning and the effects of pressure 
breathing on the circulation are discussed 
from that point of view. 
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| THE ANATOMY OF THE PANCREATIC DUCTS 


THE ETIOLOGY OF ACUTE PANCREATITIS 


By JoHn Howarp, M.D. 
) ASSISTANT INSTRUCTOR IN SURGERY 
d AND 
4 Jones, M.D. 
. RESIDENT IN MEDICINE 
PHILADELPHIA, PENNSYLVANIA 
, (From the Harrison Department of Surgical Research, School of Medicine, University of Pennsylvania) 
t THE anatomy of the pancreatic duct work in animals it is now believed that 
_ system and of its relationship to the lower segmental spasm of the sphincter of Oddi 
e end of the common bile duct has been a_ is the obstructing agent which creates the 
d subject of much interest since 1901 when common channel in most clinical cases of 
Opie” first presented his “common chan- _ the disease. 
nel”’ theory of the etiology of acute hemor- There are 2 important prerequisites 
rhagic pancreatitis. This theory found that must be fulfilled before Opie’s com- 
its origin in Opie’s now classic autopsy mon channel theory can be accepted. The 
study of a case of acute hemorrhagic pan- first of these, as Opie realized,™ is that the 
creatitis in which he found a small biliary anatomic possibility for the formation of 
calculus impacted in the papilla of Vater, a common channel in a reasonable per- 
converting the duct of Wirsung and the centage of people must be established. It 
os common bile duct into a common channel is obvious that the 2 ducts must unite to 
10- so that there had been a reflux of bile form a common ampulla before emptying 
J. into the main pancreatic duct. Thetheory into the duodenum and that the union 
that the pancreatitis had been caused by must occur at a sufficient distance from 
the reflux of bile into the pancreatic tree the duodenal orifice to allow for obstruc- 
was well founded because Claude Bernard® tiem of the withent ebetraction of 
d.) had previously shown that the injection of 


a mixture of bile and olive oil into the 
pancreatic duct produced the disease in 
experimental animals. That acute, hem- 
orrhagic pancreatitis can be produced by 
such an injection of bile has been shown by 
numerous 12,18 ,22,24,25 27,37 
Opie’s theory has subsequently been the 
subject of much study and considerable 
criticism; but many authors”? now 
agree with Dragstedt’s!® opinion that the 
common channel theory probably explains 
60 to 70 % of cases of the disease that occur 
in man. 

It was originally thought that a calculus 
impacted at the ampulla of Vater was 
responsible for the formation of a common 
channel in all cases of pancreatitis,> but 
subsequent autopsy studies have shown 
that a calculus is the obstructing agent 
in not more than 10% of clinical cases of 
this disease.!° On the basis of Archibald’s! 
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to 


either of the ducts. 

That a common channel exists in a 
limited number of persons has _ been 
proved in vivo by cholangiography. This 
study does not necessarily demonstrate 
all cases in which reflux is possible, but it 
does offer evidence in vivo that reflux is 
anatomically possible. Table 1 indicates 
the results of such studies by several 
investigators. 


TABLE 1.— DEMONSTRATION OF THE PANCREATIC 
Duct 1n CHOLANGIOGRAPHIC Stupies (IN 
Vivo Srupies or THE REFLUX oF FLUID 
From THE Common Bite Duct INTO THE 
Major Pancreatic Duct) 

Incidence of 


reflux 
No. 
Author patients No. % 
Colp and Doubilet®* . . 35 7 20 
Robins‘and Hermanson?’ 25 4 16 
Hunt, Hickson, Best'!®* . 56 5 9 
Leven!® 21 23 
Mirizzi2* . 800 frequent”’ 


) 


Fic. 1 -Serial films reveal in vivo a “common channel.”” Note the regurgitation of fluid from the 
common bile duct into the major pancreatic duct. 
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The second important prerequisite is 
that once a common channel is formed the 
direction of flow in that channel must be 
in the direction of the pancreas rather 
than the reverse. It would seem that the 
direction of flow in such a system would 
depend upon the relative pressures exist- 
ing in the 2 ducts. This has been consid- 
ered, and it has been shown that in ani- 
mals the maximal secretory pressure of 
the pancreas equals or exceeds that of the 
liver.!°! This has been considered strong 


investigated by numerous workers in the 
last 40 years, but the results have been 
amazingly divergent. Table 3 summa- 
rizes the results of previous studies of 
the problem. 


TaBLE 2.—INCIDENCE OF PaTENT Duct oF 
SANTORINI CONNECTING DvucT oF 
Wirsunc Wits DvopENUM 


Patent at 

Author No. cases both ends 
Simpkins*. 25 12 
Rienhoff-Pickrell?* 100 62 
Present series 150 36 


2. 


The pancreatic ducts. The ampulla of Vater is illustrated at the junction of the major 


pancreatic duct with the common bile duct. 


evidence against the common channel 
theory because the onset of acute hemor- 
rhagic pancreatitis usually occurs about 
2 hours after a heavy meal when the secre- 
tory activity of the pancreas is maximal.!° 
Dragstedt, Haymond and Ellis!'® feel that 
the secretory pressures are not the only 
factors determining the direction of flow. 
They have stated that if a patent duct of 
Santorini connects the duct of Wirsung 
with the duodenum, the secretory pressure 
of the pancreas would be nullified because 
the duodenal orifice of the duct of San- 
torini has no sphincter (Table 2, Fig. 2). 

The anatomy of the ampulla of Vater 
and the relationship of the bile and 
pancreatic ducts at this point have been 


Opie,** in 1901, dissected this region in 
100 fixed specimens and found that in 89 
the ducts united to form a common am- 
pulla, and in 11 they opened separately 
into the duodenum. He concluded that 
the ampulla must be 5 mm. or more in 
length if an impacted stone is to cause 
reflux into the duct of Wirsung. He found 
that on this basis the anatomic possibility 
for the formation of a common channel 
existed in 30% of his specimens. Mann 
and Giordano” studied fixed specimens 
from 200 consecutive autopsies by dissec- 
tion. They found that both ducts opened 
separately in 31% of cases and that in 
45% of cases the ampulla was less than 
2 mm. in length. They found the am- 
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pulla to be 5 mm. or more in only 3.5% 
of cases and felt that in only these cases 
could a common channel possibly be 
created. This study was felt by many to 
have cast serious doubt on the common 
channel theory. Many other studies 
(Table 3) on fixed specimens have given 
similar results. 
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embryologic development of the ampulla 
of Vater in 18 human embryos and fetuses 
and came to the following conclusion: 
“The ampulla . is at first coéx- 
tensive with the oblique intramural pas- 
sage of the duodenum, but beginning at 
the 30 mm. stage the point of junction of 
the bile and pancreatic ducts recedes from 


TABLE 3.—STUDIES ON THE INCIDENCE AND SIZE OF THE AMPULLA OF VATER 


Fixed Specimens— Dissection Method 


No. Ampulla No Ampulla over Reflux 
Author Date specimens present ampulla 5mm. length possible 
Schirmer*! . —— 1893 48 25 23 
Letulle and Nattan!® 1898 21 8 15 
Opie*® 1903 100 89 11 30.0 30.0 
Ruge*® . 1908 43 32 11 
Osler?é 1908 100 32.0 
Baldwin4 1911 90 70 20 
Belou® . 1915 50 23 27 
Mann and Giordano?! 1923 200 130 70 3.5 3.5 
Schmieden and Sebening® 1927 35 32.0 
Hozapfel!4 1930 50 10 40 
Dardinski® eg 1936 100 49 51 8.0 
Rienhoff-Pickrell*28 1945 250 81 169 19.0 32.0 
Unfixed Specimens—Injection Method 
Cameron and Noble’ 1924 100 74 26 48.0 66.0 
Present series . 1946 150 109 41 26.0 54.0 


* 100 fresh specimens included. 


In 1924 Cameron and Noble’ investi- 
gated the anatomy of this region with 
reference to the common channel theory 
in fresh specimens, using a more physio- 
logic method. They placed a_ small, 
roughly spherical gall stone in the common 
bile duct and manually stripped it down- 
ward until it became impacted at the 
ampulla. They then injected fluid into 
the common bile duct under a pressure of 
100 mm. of water and found that reflux 
into the pancreatic duct occurred in 66% 
of 100 specimens. Subsequent dissection 
revealed that the average length of the 
ampulla in these specimens was 6.7 mm. 
They found that a true ampulla was 
formed in 74% of 100 specimens. This 
work was accepted by Dragstedt, Hay- 
mond and Ellis,!° and others as having 
conclusively settled the question of the 
anatomic basis for the common channel 
theory. 

Schwegler and Boyden® studied the 


the window in the intestinal wall into the 
submucosa until, near term, it lies half 
way between the tunica muscularis and 
the end of the papilla.” 

On the basis of this work and supported 
by the studies of Job,’ Dardinski,? Mann 
and Giordano,” and others (Table 3), they 
stated that “pancreatitis resulting from 
regurgitation of bile into the ductus pan- 


creaticus is theoretically possible in a very — 


small per cent of individuals.” They crit- 
icized the work of Cameron and Noble,’ 
implying that their results may well have 
been due to an artefact produced by rup- 
ture of the membranes separating the dis- 
tal ends of the 2 ducts when the gall 
stone was stripped down to the ampulla. 


Methods. This study consisted of exam- 
ination of 150 fresh, unfixed specimens con- 
sisting of pancreas, duodenum and common 
bile duct removed intact at autopsy at the 
Philadelphia General Hospital. Our method 
was as follows: The common bile duct was 
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dissected free to the duodenal wall. The 
major pancreatic duct was picked up close 
to its junction with the common bile duct 
and exposed for a sufficient distance to insure 
adequate visualization. In 102 specimens 
the method of Cameron and Noble’ was fol- 
lowed, that is, a small calculus was manually 
stripped down the common bile duct until 
it became impacted into the ampulla. Col- 
ored fluid was then injected into the common 
bile duct under a pressure of 500 mm. of 
water instead of 100 mm. as was used by 
these investigators. In 48 specimens the 
duodenum was opened and the papilla of 
Vater was occluded by clamping it with a 
small mosquito hemostat. A cannula was tied 
into the common bile duct, and a colored 
fluid was injected into it under low pressure 
by means of a syringe. If reflux of the fluid 
into the duct of Wirsung occurred, the duct 
was distended, and the fluid could be seen 
escaping from pin-point holes in the wall 
produced when the duct was dissected free 
from adjacent parenchyma. 

In each of the 150 specimens the major 
duct was then clamped off close to its junc- 
tion with the common bile duct, and fluid 
was injected into it through a cannula in 
the tail of the gland in order to determine 
the number of cases in which a patent duct 
of Santorini connected the duct of Wirsung 
with the duodenum. At the end of the 
experiments the duct of Wirsung and the 
common bile duct were carefully opened to 
the tip of the papilla with a pair of fine scis- 
sors. The septum between the 2 ducts was 
carefully examined in all cases for evidence 
of tearing or perforation, and the depth of 
the ampulla was measured. 


Resutts. 1. In 81 of 150 cases (54%), 
a common channel was created by the 
methods described, and reflux of the in- 
jection fluid into the duct of Wirsung 
occurred. In 69 (46%) no reflux was 
demonstrated. 

2. A patent duct of Santorini connect- 
ing the duct of Wirsung with the duo- 
denum was demonstrated in 36% of 150 
cases. A comparison with results of 
previous studies in which this was con- 
sidered is shown in Table 2. In 44% of 
the 81 cases in which reflux at the ampulla 
of Vater occurred, a patent duct of San- 


torini connecting the duct of Wirsung 
with the duodenum was demonstrated. 

3. The results of measurement of the 
ampulla are shown in Table 3. Reflux 
occurred in 2 cases in which the ampulla 
was 2 mm. and in all cases in which it was 
3 mm. or more in length. 

4. In no case was any evidence of 
tearing or perforation of the septum be- 
tween the 2 ducts detected. 

This study confirms the findings of 
Cameron and Noble,’ and there was no 
evidence on macroscopic examination that 
the membrane between the 2 ducts at the 
ampulla had been torn or perforated. 
The pressure selected was approximately 
that which was found to be the minimal 
pressure necessary in vivo" for injection 
into the pancreatic duct of dogs. The 
injection method, using fresh material, is 
a more physiologic approach to the prob- 
lem of the incidence of an anatomic 
arrangement which makes it theoretically 
possible to create a common channel, con- 
necting the pancreatic and common bile 
ducts at the ampulla of Vater, than is 
simple dissection with measurement of 
the ampulla. It is, therefore, believed 
that Cameron and Noble’s’ conclusion is 
valid, that in at least one-half of all per- 
sons the possibility of the formation of a 
common channel exists. It should be 
pointed out that in all of the studies which 
would indicate that this is not the case 
the specimens examined have been pre- 
served in some fixative solution. These 
substances all cause some shrinkage of 
tissue, and this factor could certainly alter 
the measurement of the depth of the 
ampulla from that which was present in 
the fresh specimen. Moreover, when 
measurement of the ampulla is the only 
criterion by which the possibility of the 
occurrence of reflux is determined, the 
factor of the elasticity and distensibility 
of the walls of the ampulla cannot be esti- 
mated. This must certainly play a part 
in determining whether or not reflux oc- 
curs when the obstructed papilla is subject 
to the pressure of bile that exists in the 
common duct. For these reasons it is prob- 


la 
es 
n: 
x- 
at 
of 
m 

| 


622 HOWARD, JONES: THE ANATOMY OF THE PANCREATIC DUCTS 


able that the results of studies in which 
fixed tissue is used do not represent the 
conditions that exist in the living body. 

It is of possible significance that the 
group of specimens in: which reflux from 
the common bile duct to the duct of Wir- 
sung constituted only 54% of the total 
group studied but contained 82% of the 
specimens in which the duct of Santorini 
was patent from the duct of Wirsung to 
the duodenum. 

Summary. 1. When the papilla of 
Vater was obstructed by a small calculus 
or was clamped by a hemostat, fluid 
injected into the common bile duct 
regurgitated into the duct of Wirsung in 
81 (54%) of 150 fresh specimens. 


2. The duct of Santorini was shown to 
be patent from the duct of Wirsung to the 
duodenum in 54 (36%) of 150 specimens. 
This occurred in 44 of the 81 cases in which 
a reflux was demonstrated and in only 10 
of the 79 cases in which no reflux occurred. 

3. The common duct and the main pan- 
creatic duct united to form an ampulla in 
109 cases. 
separately into the duodenum. 

Conclusions. presented 
which confirms the finding of Cameron 
and Noble’ that the anatomic possibility 


In 41 cases the 2 ducts opened 
Evidence is 
for the formation of a common channel 


at the ampulla of Vater exists in at least 
50 % of persons. 
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THE CORONARY ARTERIES OF INFANTS* 


By Louis Minkowski, M.D.T 
NEW YORK, NEW YORK 


(From the Department of Pathology, Beth Israel Hospital) 


CONSIDERING the enormous volume of 
literature devoted to the coronary arteries, 
the dearth of attention given these vessels 
in newborns, infants and children is rather 
surprising. A few investigators have in- 
cluded the coronary arteries of young 
people in overall surveys of age changes 
occurring in these vessels; none of these 
has studied infantile coronary arteries in 
numbers adequate for statistical analysis, 
To meet this need, there are here reported 
the histologic studies on the coronary 
arteries of 204 infants, most of whom died 
at or soon after birth. 

Jores,’:® Bork,? and Wolkoff'*° explored 
arterial changes with age. They described 
a pattern of intimal development in very 
small numbers of newborns and children 
which has been accorded widespread ac- 
ceptance. In brief, they noted that the 
first departure from the normal coronary 
intima (which may be defined as a single 
layer of endothelium covering the intact 
internal elastic lamella) is a splitting of 
the internal elastic lamella to form the 
internal limiting lamella; when medial 
muscle cells migrate through the internal 
elastic lamella into the space between 
these elastic laminz, the musculo-elastic 
layer is formed. The elastic hyperplastic 
layer arises from the internal limiting 
lamella by splitting off from the latter. 
It is this layer which may assume primary 


significance in the development of athero-, 


sclerosis, for in it collagen, lipoid and cal- 
cium may be deposited. Ehrich, de la 
Chapelle, and Cohn‘ observed the muscu- 
lo-elastic layer at the origin of the anterior 
descending artery in the hearts of all 5 of 
their newborns (4 males and 1 female) 
and in the right coronary artery in 1 new- 
born. None of the coronary arteries of 


their newborns revealed an elastic hyper- 
plastic layer. Both the musculo-elastic 
and elastic hyperplastic layers were found 
with increasing frequency in the 2nd 
decade, but in this age group, too, the 
number of hearts examined was very small. 

In 1934 Gross, Epstein and Kugel' re- 
ported on the histology of the coronary 
arteries with particular emphasis on the 
changes occurring with age in each of the 
major rami. They studied a total of 
50 hearts selected in such a way as to 
eliminate diseases which might affect the 
coronary arteries; however, they did not 
include the diagnoses nor did they indicate 
the number of hearts in any age group. 
Their observations may be summarized 
briefly: The musculo-elastic and elastic 
hyperplastic layers were found at birth in 
the left anterior descending artery, in the 
left circumflex artery between the 3rd and 
12th month, and in the right coronary 
artery at about the 12th month. These 
findings are not in close agreement with 
those of Ehrich, de la Chapelle and Cohn 
just cited. Moreover, none of the afore- 
mentioned authors? either di- 
rectly or by implication suggested any sex 
difference in the time of appearance or 
degree of development of these intimal 
changes. 

The significance of these intimal changes, 
particularly with respect to the future 
development of atherosclerosis is not en- 
tirely clear. Concerning splitting of the 
internal elastic lamella and the formation 
of a musculo-elastic layer, there is no 
unanimity of opinion. It is claimed that 
these changes are physiologic, a view pre- 
sumably supported by the fact that they 
occur during the period of active arterial 
growth, and because, according to Bell,! 


* Presented at the New York Pathological Society Meeting, May 22, 1947. 
+ Now Resident in Medicine, Veterans Administration Hospital, Bronx, N. Y. 
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there are rarely any retrogressive changes 
On the 
other hand, Jores’ considered any splitting 
of the lamina a manifestation 
of arteriosclerosis. _McMeans” demon- 
strated that any inflammatory or toxic 
substance acting in sufficient concentra- 
tion results in a dissolution or alteration 
in this elastic lamina and gives the ap- 
pearance of splitting. He felt that any 
splitting or alteration of this sort, once 
induced, is permanent and may be in- 
creased by further injury. 
MacLean’s'’® support of the notion that 
any alteration in the internal elastic 
lamella and endothelium is 
pathologic rests on the commonplace ob- 
servation that 
mild form, may be absent in the coronary 


in the intima during this period. 


elastic 


Moreover, 


overlying 
these changes, even in 


arteries of elderly individuals, while very 
striking in those of children and young 
adults. 

Essential unanimity exists with regard 
to the significance of the elastic hyperplas- 
tic layer. Jores’:® contended that this 
layer is pathologic, pointing out that it 
occurs without uniformity from vessel to 
vessel and within the same vessel, and 
that he noted transitions from the elastic 
hyperplastic layer to processes unequivo- 
cally pathologic. Jores believed this layer 
to represent a compensatory response to 
increased intravascular pressure. Ehrich, 


de la Chapelle and Cohn‘ stated that the 


elastic hyperplastic layer may serve as 
the anlage for the development of athero- 
sclerosis by virtue of its thickness which 
predisposes it to nutritional disturbances. 
Gross, Epstein and Kugel® were convinced 
that gradations from the elastic hyper- 
plastic layer to atherosclerosis could read- 
ily be seen in their material. 

In 1946 Dock*® wrote a unique and 
stimulating paper on the coronary arteries 
in the newborn in which he approached 
the subject from the point of view of es- 
tablishing a sex difference in thickness of 
the newborn coronary intima. Employing 
12 males and 12 females less than 1 day 
old, he cut cross-sections from each of 
the major coronary rami, stained them by 


the Weigert-van Gieson method, drew the 
intima and media at a magnification of 
100 diameters, and calculated their surface 
areas. The intima-media ratio was used 
as the variable, and analysis of his data 
enabled him to state that the newborn 
male coronary intima is about 3 times as 
thick as that of the female. 
From this he concluded that: “This is 
believed to establish the basis for the sex 
difference in the incidence of coronary 
occlusion and to prove that the predilec- 
tion of atherosclerosis for the coronary 
arteries is due to their possessing an intima 
n thickness from 10 to 600% of 


that of the media and averaging 26% in 


newborn 


varying 


‘newborn males and 8% in females.”’ 
Method and Material. Tables 1 and 2. 
list the age groupings and diagnoses of our 
material, including 122 males and 82 females. 
The vast majority were stillborns and new- 
borns less than 1 week old. The causes of 
death were, in general, limited to birth in- 
juries and/or asphyxia, inflammatory proc- 
esses, and a small number of miscellaneous 
diseases unrelated to either of the former 
groups. Sections about 5 mm. thick were 
taken from each of the 3 major coronary 
arteries at 0.5 to 1 em. from their origins. 
A small transverse section was also taken 
from the base of the aorta. All material 
was fixed in formalin and embedded in 
paraffin. Sections 6 micra thick were rou- 
tinely stained with hematoxylin and eosin. 
Where desirable additional sections were 
stained for elastic and collagenous tissue. 
The hematoxylin-eosin and/or elastice sec- 
tions were photographed directly on enlarg- 
ing paper at magnifications of 24 to 154 
times. A standard hemocytometer was 
photographed on film at the same magnifica- 
tions. The areas of intima and media were 
then measured directly by superimposing 
the transparent film with properly magnified 
scale on the paper negative and the ratio of 
intima to media was calculated. In the con- 
text of this paper the term intimal thicken- 
ing refers to the musculo-elastic and/or 
elastic hyperplastic layers as illustrated in 
Figure 1 (Ato D). The statistical term sigma 
refers to the probable error of the means; a 
difference between the means of 2 samples 
equal to or greater than 3 times the prob- 
able error is considered significant. A dif- 
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ference between 2 and 3 times the probable 
error is considered highly suggestive. 


Results. From the outset the primary 
purpose of this study was 2-fold: to estab- 
lish the existence or non-existence of a 
significant difference in thickness between 
the male and female newborn coronary 


intima; and, should these data confirm 
Dock’s report, to endeavor to shed some 
light upon the nature of this difference. 
In Table 1 the pertinent statistical data 
are given. In the total group of 122 males 
and 82 females the intima-media ratio for 
all 3 arteries in all age groups reveal no 
significant sex difference. 


he internal 


C, Coronary artery of infant demonstrating a well- 
ary artery of infant illustrating an extremely extensive 


The internal elastic lamella is intact throughout the entire 
ry of infant with earliest intimal change. 
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The total material was then subjected 
to age group analyses. Male:female com- 
parisons in the following groups suggest 
no important sex differences: (1) all 
hearts up to 2 days of age (80 males, 
52 females); (2) all hearts up to 1 week 
of age (84 males, 58 females); (3) all 
hearts more than 2 days of age (42 males, 
30 females); and (4) all hearts up to 
1 month of age (92 males, 62 females). 
The only group in which male:female 
differences are significant is the more-than- 
l-month-old group comprising 20 males 
and 20 females. The difference between 
the means is 5 times the probable error 
of the means. But in this group the valid- 
ity of the difference is somewhat obscured 
by the fact that in the deaths of 82% 


there were 51 males and 25 females. 
Analysis of these groups yields a highly 
suggestive difference between the means 
of 2.64 times the probable error of the 
means. This implies that in only 1 in 
100 times chance factors might have pro- 
duced this difference. 

Shortly after this study was begun, it 
was decided to correlate intimal thicken- 
ings with the pattern of coronary artery 
distribution. Applying the criteria of 
Schlesinger,!? 170 hearts were classified as 
right preponderant, left preponderant, or 
balanced. The technique for determining 
the epicardial course of the coronary 
arteries was that of gross inspection and 
multiple sections across the long axis of 
the vessels. The notion that these intimal 


TaBLE 1.—AGE GROUPS AND PERTINENT STATISTICAL Data FoR Totat MATERIAL 


Age groups Total 
All age groups 204 
Up to 2 days 132 
Up to 1 week 142 
More than 2 days 72 
Up to 1 month 164 
More than 1 month 40 
BIH group comparable to 
Dock’s 76 
TABLE 2. 


Diagnosis 
Birth trauma and/or asphyxia 
Infection 
Miscellaneous 


of these cases, male and female combined, 
a severe inflammatory process was either 
the direct cause or a major contributory 
factor; this was true of 90% of the males 
and 75% of the females. The influence 
of infection on arterial intima has already 
briefly been noted in the work of McMeans 
in 1915. It will be discussed again in the 
course of this paper. 

It was then felt desirable to set up a 
group of males and of females comparable 
to those employed by Dock.’ Every pos- 
sible extraneous factor which might con- 
ceivably affect the coronary intima was 
eliminated. The groups were finally re- 
stricted to infants not more than | day 
of age whose deaths could be attributed 
to birth trauma and/or asphyxia. In all 


Probable Difference 


Male Female error of means between means 
122 &2 0.026 0 00S 
80 52 0 029 0.009 
84 5S 0 023 0.015 
42 30 0 O17 0 OOS 
102 62 0 041 0.014 
20 20 Q 022 0.111 
51 25 0 0037 0.0095 


DIAGNOSES FOR ToTaAL MATERIAL 


Total Male Female 

111 66 45 
70 43 27 
23 13 10 


‘bolsters represent pre-arteriosclerotic le- 
sions has been advanced by several inves- 
tigators previously cited. If this is true, 
then one might expect the distribution of 
these infantile lesions to be similar to that 
established for the adult coronary lesion. 
Schlesinger'?8 and his co-workers in 
Boston, and Ravin and Geever" in Denver 
have described a pattern of behavior for 
coronary sclerosis with respect to its dis- 
tribution in each of the major coronary 
arteries as well as in each of the 3 arterial 
distribution groups described by Schlesin- 
ger. The detajls of our results in this 
regard will be reported in another paper. 
Suffice it to state at this time that our data 
reveal remarkable similarities in the dis- 
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tribution of the adult and infantile coro- 
nary lesions. 

Comment. During the course of the 
histologic observations, it was noted that 
in those cases demonstrating particularly 
thick coronary intimas, the diagnoses were 
basically similar; namely, some severe in- 
flammatory process, most often broncho- 
pneumonia. Dissension is rife among 
investigators concerning the effect of infec- 
tious diseases on arterial intima. Klotz? 
had postulated that hematogenously dis- 
seminated bacteriotoxins injured the arter- 
ial intima in such a way as to increase its 
permeability to plasma lipids, thereby lay- 
ing the cornerstone for subsequent athero- 
sclerosis. In 1915 McMeans” whose work 
has already been mentioned, studied the 
coronary arteries of small groups of chil- 
dren, young adults and elderly people. 
His young hearts were obtained from 
children who had died of pneumonia, 
scarlet fever, diphtheria, meningitis and 
other acute infectious diseases. He con- 
cluded that splitting of the internal elastic 
lamella was a toxic manifestation of infec- 
tions and, furthermore, that this splitting 
represented a permanent alteration in the 
artery which would later provide the base 
for arteriosclerotic change. It is difficult 
to accept these conclusions inasmuch as 
he had no adequate control group of hearts 
obtained from young patients who had 
died of causes other than acute infections. 

In 1921 Ménckeberg™ reported on his 
observations in children dying of acute 
infectious diseases, particularly influenza. 
He noted that the degenerative intimal 
changes in their coronary arteries occurred 
in the same places where one finds adult 
coronary atherosclerosis. Ophiils'*® was 
an early champion of the infectious origin 
of arteriosclerosis, but following a detailed 
study of 500 autopsies, concluded that 
“no altogether acceptable proof, however, 
has been furnished of this suspected in- 
terrelationship between certain infectious 
diseases and the later development of 
arteriosclerosis or of the syndrome of 
sardiovascular disease.” MacCallum’s" 
analysis of his own large material prompt- 


ed him to the statement that “there is 
but little evidence in favor of the idea 
that infections, whether acute or chronic, 
play a great part in the pathogenesis of 
arteriosclerosis.” 

In Hueper’s® comprehensive reviews on 
arteriosclerosis the toxin theory is briefly 
discussed. He cites the early observations 
of numerous European workers among 
whom opinion differed widely as to the 
effect of infectious diseases on the arterial 
intima. Many felt that cushion-like cellu- 
lar thickenings with hyperplasia of elastic 
tissue as well as lipoid deposition occur in 
infectious diseases such as those previously 
mentioned. On the other hand, a smaller 
but none the less imposing group of men 
denied this relationship. Experimentally, 
many workers were successful in producing 
hyperplastic intimal thickenings (along 
with medial degeneration) with a variety 
of bacteria and bacterial products. But 
here, too, observations were at variance; 
moreover, the experimental animal used 
appeared to be an important factor in 
determining the effect of these experi- 
mental insults. 

In the present series (Table 3) acute 
infectious diseases appear unequivocally 
to have elicited intimal thickenings in the 
form of musculo-elastic and elastic hyper- 
plastic layers. The total material of 122 
males and 82 females was divided into 
2 groups: in 126 cases death was entirely 
unrelated to infections and in 78 cases 
some acute infectious process was the im- 
mediate cause of death. The difference 
between the means of the intima-media 
ratios is 5.5 times the probable error of 
the means, a highly significant difference. 
In those infants more than 1 month of 
age, in which age group an infectious dis- 
ease is more often than not the cause of 
death, there were 36 infection deaths and 
8 non-infection deaths. The difference 
between the intima-media ratio means for 
these groups is more than 8 times the 
probable error of the means. 

Conclusions. Three facts of practical 
and theoretical interest appear from these 
data: (1) Coronary intimal thickenings 


pe 
s- 
e, 
of 
at 
n. 
in 
er | 
or 
is- 
ry 
ial 
in- 
his 
er. 
ita 
lis- 


628 MINKOWSKI: THE CORONARY ARTERIES OF INFANTS 


in varying degree occur in a rather large 
number of newborns, infants and children 
of both sexes (Table 4). On the basis of 
very small samples several investigators 
have described the occurrence of the 
musculo-elastic and elastic hyperplastic 
layers in the coronary arteries of infants, 
assuming that their findings were charac- 
teristic of given age groups. In reality 
Dock is the first to have reported on more 
than negligible numbers. 

However, itis difficult to interpret Dock’s 


2 


over, at best all figures are rough approxi- 
mations, since only a very small segment 
of each artery was examined. <A technique 
approaching genuine accuracy would de- 
mand that each artery be studied micro- 
scopically throughout a large part of its 
epicardial course. In any event this 
study has confirmed the presence of intimal 
bolsters of varying size in one or more of 
the coronary arteries of a fairly large num- 
ber of newborns and children dying of 
various causes. 


TABLE 3.—INFECTION AND NON-INFECTION GROUPS 


Infection Non-infection Probable error 


Difference 


Age groups Total deaths deaths of means between means 
Total ; 204 70 134 0.028 0.125 
More than 1 month 40 32 8 0.019 0.163 
TABLE 4.— PERCENTAGE OF MALES AND OF FEMALES HAviING INTIMAL BOLSTERS 


Group Total 
Dock 24 
Total BIH nes 204 
BIH group comparable to Dock’s . 76 


statistics. He states, for example, that 
“4 female babies (of 12) and 1 male (of 12) 
had no intimal cushions in any of the 
arteries sectioned.”” This clearly implies 
that in 66% of the females and in 8% of 
the males intimal thickening was entirely 
absent. At the same time he writes that 
“61% of the arteries from females but 


only 32 % from the males had endothelium - 


lying on the inner elastic membrane, with 
no trace of intimal thickening.” 

In our series 60 % of 122 males and 51% 
of 82 females revealed either a musculo- 
elastic and/or an elastic hyperplastic layer 
in one or more of their coronary arteries. 
In the group comparable to that of Dock, 
43% of 51 males and 35% of 25 females 
evinced varying degrees of intimal thick- 
ening. These percentages are not in 
agreement with those of Dock, possibly 
because of differences in material and in 
numbers. It is very difficult to compare 
results, since only 1 previous investigator 
has included data concerning the diagnoses 
and the site from which the sections of 
each coronary artery was taken. More- 


Intimal Intimal 


bolsters bolsters 
Male Female (% males) (% females) 
12 12 68 39 
122 82 60 51 
51 25 43 35 


2. The second point of interest is that 
in a selected group of 51 males and 25 fe- 
males not more than 1 day old, whose 
deaths had followed either birth trauma 
or asphyxia, a difference between the male 
and female intima-media ratio means of 
2.6 times the probable error of the means 
was obtained. This is considered a highly 
suggestive difference. The validity of this 
difference and of that in Dock’s material 
must be determined by examination of 
greater numbers of hearts. 

But whether or not a significant sex 
difference in thickness of coronary intima 
is demonstrated, the important unanswer- 
ed question is: “ What do these intimal 
thickenings mean?” Are they transient, 
reversible responses to intra-uterine and 
neonatal insults? Are they permanent 
changes which may represent prearterio- 
sclerotic lesions? ‘There is certainly a 
strong resemblance in some of these inti- 
mal thickenings to the so-called early adult 
arteriosclerotic lesion, for in the elastic 
hyperplastic layer collagen may be found. 
We did not attempt to demonstrate fat; 
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this should have been done. Furthermore, 
the distribution of these thickenings has 
been shown to be strikingly similar to 
that of the adult arteriosclerotic lesion. 
However, these infantile thickenings are 
still a far cry from the adult lesions. When 
adequate numbers of coronary arteries 
from patients of all age levels from birth 
to adult life have been studied carefully, 
the answer to this question should be 
available. 

3. The third observation of interest is 
the réle played by infections. In our 
material bronchopneumonia was most 
common. For the entire group, and par- 
ticularly for the group more than 1 month 
old, the differences in means between the 
infection and non-infection groups is 
clearly significant. No other factor sug- 
gests itself as an explanation for these 
differences. These observations appar- 
ently confirm numerous earlier workers 
who noted intimal thickenings in patients 
dying of acute infectious diseases. How- 
ever, since our newborn and early neo- 
natal material is deficient in infectious 
diseases as a cause of death, and since so 
few of our older infants and children died 


of causes other than infections, it is diffi- 
cult to be certain that an inflammatory 
process alone is responsible for these more 
frequent and greater intimal thickenings. 
Again, only study of additional hearts 
from infants dying of acute infections and 
from young children dying of non-infec- 
tious causes will provide an adequate 
answer. 

Summary. 1. Coronary intimal thick- 
enings may be expected to occur in a large 
number of newborns, infants and children 
dying of various causes. 

2. In a group of 51 males and 25 females 
less than 1 day old, dying of birth trauma 
and/or asphyxia, the mean difference in 
coronary intimal thickness between male 
and female is strongly suggestive if not 
actually significant. 

3. The réle of acute infections appears 
to be an important one in producing inti- 
mal thickenings in older infants and 
children. 

4. The meaning of these intimal thick- 
enings, particularly as concerns the subse- 
quent development of coronary arterio- 
sclerosis, remains to be clarified. 


The author wishes to express his gratitude to Drs. Alfred Plaut and Henry Brody for their helpful 
suggestions, and to Mrs. Mary Nurnberg, Mr. Otto Thumann, and Miss Sylvia Lederman for their 


technical assistance. 
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ESTROGENS IN URINE AND CYTOLOGY OF VAGINAL SMEARS AFTER THE 
USE OF AN ESTROGENIC CREAM 


By JosepH M.D. 
ASSOCIATE PROFESSOR OF CLINICAL MEDICINE AND CHIEF OF ENDOCRINE CLINIC 
NEW YORK, NEW YORK 


(From the Endocrine Clinic, 


Department of Medicine, New York Post Graduate Medical School and 


Hospital, Columbia University) 


THESE studies were undertaken to ob- 
serve the effect of estrogen, administered 
by inunction, on the estrogen content of 
urine, and on the histological picture of 
vaginal smears. Some workers* have 
shown that estrogens, administered in 
sufficient amounts and by various routes, 
produce an increase in urinary estrogens 
and alterations in vaginal smears. These 
changes varied with such factors as dosage, 
frequency and routes of administration. 
Creams and ointments containing estro- 
genic material have been suggested for 
inunction,® and some results have been de- 
scribed following their use. 


Method. For our studies a cream con- 
taining 3750 I.U. per } ounce of inert base 
was used,* and patients were instructed to 
“rub in” approximately one-seventh of this 
amount into the skin of the face each eve- 
ning.2 Thus approximately +535 I.U. were 
applied per day.t It has been pointed out 
that frequent smaller doses, ‘given in suc- 
cessive fractions were more effective than 
the same dose given” at one time.'4> Be- 
fore commencing the use of the cream, 
24-hour urines were collected once each 
week, except during menstrual periods, and 
vaginal smears were likewise made at about 
the same time. A total of 14 patients were 
studied, ranging in age from 18 to 56. The 
number of each patient as listed in the tables 
and her age are these: (1) 18 years, (2) 22 
years, (3) 23 years, (4) 30 years, (5) 34 years, 
(6) 35 years, (7) 39 years, (8) 42 years, (9) 
44 years, (10) 44 years, (11) 44 years, (12) 
46 years, (13) 51 years, and (14) 56 years. 


Patient No. 13 had begun to have meno- 
pausal symptoms, although still menstruat- 
ing irregularly, and patient No. 14 had 
ceased to menstruate 5 years before. In all a 
total of 196 urine specimens were collected, 
57 before the use of the cream, and 139 
during the period cream use, and 184 
vaginal smears were made. In addition 4 
women were used as non-treated controls 
for 15 weeks, 60 urinary estrogen deter- 
minations and 60 vaginal smear examinations 
being made, as described above. 


Results. The estrogen output figures 
are given in Table The variations in 
output during the period of the use of the 
estrogen inunctions are not significantly 
different from those in the pre-inunction 
period or from those in the untreated con- 
trols. 

The vaginal smear findings are set forth 
in Table 2. They also show no significant 
change as a result of treatment. 

Summary and Conclusion. 1. 
fluctuations in 


The 
in 4 
untreated controls and in 14 patients, 
before and during the use of an estrogen 


estrogen excretion 


cream by facial inunction were similar in 
pattern and not significantly different in 
amount. Likewise, their vaginal smears 
appeared to show no significant alteration 
Therefore, in the 
amounts and by the method applied 
(3750 I.U. per week, or +535 I.U. daily) 
the estrogen cream does not appear to 
produce any systemic effect. 


in cytological cycles.* 


* The estrogenic cream was supplied by Lehn and Fink Products Corporation through the courtesy 


of Dr. E. G. Klarmann. 
estradiol, per } ounce of cream. 
40%, petrolatum (yellow) 6%, 
10%, and perfume 0.5% 


It contains 3750 I.U. of natural estrogenic hormone, essentially estrone and 
The vehicle contained lanolin (anhydrous) 22%, 
cholesterol 1%, mineral oil (heavy) 20%, lecithin 0.5%, distilled water 


petrolatum (white) 


+ Previous studies suggest that only about 20% of the estrogenic material is absorbed upon inunction, 


hence, about 100 I.U. per day in our studies. 


< 
= 
< 
< 
- 
© 
al 
S 
a 
Z 
< 
Z 


ESTROGENS 


LSBERG: 


EID 


O 
Old 
0°d 
Wed 


19358 


jo 


jesnedousyy = 


ul ul 
Wed d 
W Wid 
Wid O0°d 
da IW°d 
da W 
d Wed 
Wid d 
Wod W 

O0°d Old 
d d 
Wid 
IW°d Wid 
ial €1 


6 ¢> 
€€ ¢> 
¢> 
¢> 
ol c> 
Ol 
¢> 
¢> 
lz LI 
SI Zl 
91 L 
8°9 


Ol 
Ol 


Ol 


= QOg 
= Old 


u uw 
0°d Old 
Wid O 
WwW Wid 
Ww 
Wid 0°d 
d Wid 
od IWod 
Wid Old 
Nod Wid 
() d d 
Ord 
Wid 
Wid 0°d 
Wod Wid 
d dod 

6 


N 


“Sano 
SNOLLONON] N@SOULSY GNV SLNALLV] NI GNV SIOULNOD NI FZ SLINQ LYY NI Gassaudxy] ‘ANING GHL 


¢> 
¢> 
ol 
9°ZI 
ol 
cI 
¢> 
¢> 


= 
= Wid 


ul ul uw 
d d « 
Ww Od 
da «Wid 
Ww * Oo d 
0°d W 
da O°d d 
da Wed WW 
0°d dai W 
d * 0°d 
Wild 0°d 
d d « Od 
Wid Old 
IN°d Wid d 
Wed O Old 
da da Wid 
d d Old 
d d Wid 
9 


GNV S'TOULNO;) NI 


*potiod 


* +11 


¢ 
6 
¢ 
0 
8 
9 


0€ 


x 


+01 


* 


SUVAWG 'IVNIOVA 


jO | 


¢> 
461 
tl 
481 ¢> 
¢> 
421 
49 
Ol 
401 ¢> 
¢> 


NOWMS 


= dq 


= 


ul uw 
W Wid 
0°d 
WwW 0°d 
Wid 0°d 
Wid 
0°d 
d W°d 
0°d Oo 
d da 
d d 
Wid d°d 
Wid d 
Old da 
d W°d 
Old da 
O 
€ 


ul 


Wod 
od 
INOd 
da 


Wed 
Wed 
IW°d 
da 

I 


FI 
ZI 
IT quened 
OL 
6 
wens 
L yuenvg 
9 
¢ 
€ 
Z queneg 
I queneg 


Z 
Jomuog 


8499. 


AO KDOTOLAQ—'Z 


NI LAdLAG) N 


VVVVVV" 


— 


FI 
EI 
IT 
OT queneg 
6 
8 
L 


¢ quaneg 
€ jueneg 
Z 
[ 


€ 
Z 
[ jomu0g 


E 


nd 
O- 
t- 
1d 


int 
he 


ion 
the 


1 


iec 
ily) 


to 


‘tesy 
and 


hite) 
rater 
tion, 


a 
= 
v Zz 
Z, 
pot 
Z 
D 
a 1) <3) 
84 oN 
N < oa 
ns yr Vv a . 
tet 
es reve » 
QA 
in a 
i 
Z 
tly 
on > 
— 
0 
Quy => = 
— \ 
ts, | 
ra 
In 
* 
in 
| 
MOON 
* * 
N 
| 


632 EIDELSBERG: ESTROGENS IN URINE AND CYTOLOGY OF VAGINAL SMEARS 


ACKNOWLEDGMENTS. The author is greatly indebted to Dr. Lawrence Meyer for the vaginal smear 
studies, and to Mr. Samuel Member, B.S., and Miss A. Greenwald of the Medical Research Labora- 
tory, N. Y. Post Graduate Hospital, for the estrogen determinations. 


REFERENCES 


. ALLEN, E., Francis, B. F., Rospertson, L. L., Coteatse, C. E., and Jonnston, C. G.: Am. J. 
at., 34, 133, 1924. 

. Burrows, H.: Biological Actions of Hormones, p. 128, Cambridge Univ. Press, 1945. 

. DInGEMANSE, E., and TystowitTz, R.: Endocrin., 28, 450, 1941. 

. EMMeEns, C. W.: Great Brit., Med. Res. Counc., Spec. Reps. Ser. No. 234, 1939. 

. Laquer, E., and DeJoneu, 8. E.: J. Pharmacol. and Exper. Therap., 36, 1, 1929 

5. Moores, C. R., Lamar, J. K?, and Beck, N.: J. Am. Med. Assn., 111, 11, 1938. 


A 


Ore 


> 


INFLUENCE OF POTASSIUM ON THE ACTIONS OF A DIGITALIS GLYCOSIDE 633 


OBSERVATIONS CONCERNING THE INFLUENCE OF POTASSIUM UPON 
THE ACTION OF A DIGITALIS GLYCOSIDE (LANATOSIDE C)* 


By Meyer Friepman, M.D. 
DIRECTOR OF INSTITUTE 
AND 
RENE Bing, Jr., M.D. 


ASSISTANT IN MEDICINE 
SAN FRANCISCO, CALIFORNIA 


(From the Harold Brunn Institute for Cardiovascular Research, Mt. Zion Hospital) 


AurHouGH there is experimental and 
clinical evidence®:*°" to support the 
theory that potassium in physiologic ex- 
cess tends to inhibit the action of digitalis, 
there is little known about their physio- 
logic interrelationships. 


Cattell and Goodell,* Cattell,? and Wood - 


and Moe™ found that ouabain or a digi- 
talis glycoside induced a loss of potassium 
from the interior of both skeletal and 
cardiac muscle. Hagen,’ however, found 
that only toxic doses of a digitalis glyco- 
side led to a loss of potassium from the 
rabbit heart. Moreover Wedd® as well 
as Boyer and Poindexter! believed that 
therapeutic doses of digitalis actually in- 
creased the potassium content of the 
heart. Certainly it seems clear from a 
perusal of the literature that no experi- 
mental evidence exists which indicates 
that the physiologic action of digitalis is 
completely dependent upon its theoretical 
properties of changing the potassium con- 
tent of muscle. 

In the following communication, the 
results of our studies dealing with the 
interrelationships of potassium and a digi- 
talis glycoside (Lanatoside C) are reported. 
These results appear to indicate that 
whereas the specific cardiac actions of digi- 
talis are not due to changes in potassium 
economy, the toxic action of the drug 
may be due to its property of ridding the 
heart of potassium. 


Methods. The embryonic duck heart was 
employed using the method described in 
preceding articles.6.”? Briefly, this particular 
biologic preparation reacts to the presence 


of sufficient digitalis glycoside by the exhibi- 
tion of increased rate of beating, hypertonic 
contractility, A-V block and finally cessation 
of beating. The time of appearance of A~V 
block as well as the duration of beating are 
quantitatively commensurate with the con- 
centration of glycoside present. These last 
phenomena allow remarkable reproducibility 
in experiments carried out at any constant 
concentration of digitalis glycoside. 

Tyrode’s solution was employed for the 
basic medium and changes in its potassium 
content were made either by removing or 
adding the chloride of this cation. Lanato- 
side C (derived from digitalis lanata) was 
used in all experiments in which a glycoside 
was added to the basic solution. Unless 
otherwise noted, the temperature of the 
solution containing the embryonic heart was 
maintained constantly at 34° C. It should 
be meationed that if the temperature is 
elevated to 36°, many hearts spontaneously 
exhibit A~V block. This last phenomenon 
may be abolished by addition of excess KC] 
to Tyrode’s solution. The rate of beating 
as listed in the tables was obtained 5 min- 
utes after the immersion of hearts into test 
solutions. 

The investigation was divided into a 
study of: (1) the effect of changes in potas- 
sium ion concentration upon the activity of 
the embryonic heart; (2) the effect of potas- 
sium upon the physiologic activity of digi- 
talis glycoside; (3) the effect of digitalis 
upon the potassium content of the embry- 
onic heart. 


Results. 1. Tae Errect or Potasstum 
Upon tHE Normat Emsryontc Duck 
Heart. Embryonic hearts when placed 
in Tyrode’s solution without potassium 
invariably continued to beat (see Table 1, 


* Aided by grants from The Life Insurance Medical Research Fund and from the Sandoz Chemical 


Works, Inc. 
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Al), although weakly, for an average 
period of 29 minutes. The rate of beat- 
ing, although initially rapid, became pro- 
gressively slower so that after 15 minutes 
the rate was usually less than 50 beats 
per minute. This slowing of rate contin- 
ued until finally the hearts stopped in 
systole. Of the 29 hearts, 21 (72.5%) 
exhibited A-V block after an average 
period of 14 minutes. These hearts dif- 
fered from hearts exposed to a large 
quantity of digitalis glycoside in: (1) 
their relatively slow rate, (2) the absence 
of hypertonic contractions, and (3) the 
frequent absence of A—V block. 


TABLE 1 


FRIEDMAN, BINE: 


the rate of beating became progressively 
slower and weaker, although the duration 
of beating was not altered until a concen- 
tration of 200 mg. per 100 ce. of KCl was 
reached. At this latter concentration, the 
rate of beating was 12 per minute, the 
vigor of beating became markedly im- 
paired and the duration of contractions 
lasted for only 11 minutes. 

2. THe Errect or Porasstum Upon 
THE Activity oF DiciTaLis GLYCOSIDE. 
The complete absence of potassium was 
found (see Table 1, B1) to accentuate 
markedly the action of digitalis glycoside 
upon the embryonic heart. Thus 11 hearts 


THe Errect oF VARIATIONS IN CONCENTRATION OF PoTassiumM Upon NoRMAL 


EMBRYONIC HEARTS AND Upon THOSE Exposep To DiaiTauis GLYCOSIDE. 


Onset of Duration of 


K cone. No. Size of A-V block A-V block contractions 
(mg. %) hearts hearts* Rate (No.) (mins.) Rhythm (mins.) 
A. No Digitalis Glycoside Present 
(1) 0 29 29 86 21 14 Irreg. 29 
(2) 5 15 27 59 7 26 Reg. Over 60 
(3) 10 8 26 56 0 “4 - 
(4) 20 15 28 59 0 
(5) 100 12 29 51 0 5 
(6) 125 5 25 29 0 
(7) 150 10 25 19 0 
(8) 200 5 28 12 0 11 
B. With Digitalis Glycoside (0.001 Mg. per Ce.) 
(1) 0 11 28 105 11 5 Irreg. 17 
(2) 5 15 27 90 15 7 5 22 
(3) 10 24 28 ° 94 24 7 a 22 
(4) 20t 18 31 90 18 11 “ 22 
(5) 100 17 26 5S 14 33 ‘3 47 
(6) 125 10 27 27 0 et Reg. 46 
(7) 150 11 25 31 0 » ” 41 
(S) 200 § 28 12 0 11 


* Equals the diameter in mm. of vascular sinus surrounding the embryo. 
+ Equals a control solution of ordinary Tyrode’s solution. 


Hearts immersed in Tyrode’s solution 
containing only 5 mg. per 100 cc. of potas- 
sium chloride beat weakly but continued 
to contract for over 60 minutes. Seven 
of the 15 hearts (see Table 1, A2) exhibited 
intermittent A-V block after an average 
period of 26 minutes. 

Hearts placed in Tyrode’s solution con- 
taining 10, 20 and 100 mg. per 100 cc. of 
KCl showed no essential differences in 
their cardiodynamics. However, when 
hearts were placed in higher concentra- 
tions of KCl (see Table 1, A 6, 7, 8), 


Equals a control solution of ordinary Tyrode’s solution plus 0.001 mg. of digitalis glycoside per cc. 


immersed in Tyrode’s solution without 
KCl but containing 0.001 mg. of glycoside 
per cc. exhibited A—-V block after an aver- 
age period of 5 minutes and ceased to beat 
after 17 minutes—a much stronger effect 
of glycoside than obtained in ordinary 
Tyrode’s solution (see Table 1, B4). 
Hearts placed in Tyrode’s solution con- 
taining the same amount of glycoside but 
either 5 or 10 mg. per 100 cc. of KCl 
reacted as did hearts exposed to glycoside 
in ordinary Tyrode’s solution except for 


| 
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the more rapid occurrence of A-V block 
(compare Table 1, B2, 3 and 4). 

When excess KCl was added to Tyrode’s 
solution, however, the activity of the 
glycoside was inhibited markedly. Seven- 
teen hearts exposed to 0.001 mg. of glyco- 
side per cc. of Tyrode’s solution containing 
100 mg. per 100 ce. of KCl continued to 
beat at a rate apparently uninfluenced 
by the glycoside. Moreover (see Table 1, 
B5), only 14 of the 17 hearts (82%) ex- 
hibited A—V block and then only after an 
average period of 33 minutes. These same 
hearts also continued to beat for an aver- 
age period of 47 minutes. It should be 
mentioned at this point that preliminary 
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Although these studies indicated that 
potassium inhibited the action of digitalis 
glycoside, such inhibition was usually 
accompanied by a marked reduction in 
rate of beating. Preliminary studies had 
indicated that when the rate of beating 
was depressed to an equal degree by low- 
ering the temperature of the fluid bathing 
the hearts to 24° C., an inhibition of the 
action of digitalis glycoside occurred, 
which, although not as drastic as noted 
in the above cited experiments, neverthe- 
less suggested that at least part of the inhi- 
bition of glycoside by excess potassium was 
due to the depression of the heart rate by 
the latter. However, potassium was found 


TaBLe 2.—TuHeE BEHAVIOR OF HEARTS IN TyYRODE’S SOLUTION AFTER PREVIOUS EXPOSURE TO 
DiagitaLis GLYCOSIDE AND Excess PorassiuM 


Onset of Duration of 
No. Size of A-V block A-V block contractions 
hearts hearts* Rate (No.) (mins.) Rhythm (mins.) 


A. Control Hearts After Previous Exposure to Digitalis Glycoside (0.001 Mg. per Cc.) for 5 Minutes 


14 29 81 


14 11 Irreg. 27 


B. Hearts After Previous Exposure to KCl (125 Mg. %) for 5 Minutes and Then to Digitalis 
Glycoside (0.001 Mg. per Cc.) for 5 Minutes 


21 30 90 


11 23 Reg. 55 


C. Hearts After Previous Exposure to KCl (125 Mg. %) and to Digitalis Glycoside (0.001 Mg. per Cc.) 
Together for 5 Minutes 


16 31 87 


9 28 Reg. Over 60 


D. Hearts After Previous Exposure to Digitalis Glycoside (0.001 Mg. per Cc.) for 5 Minutes and 
Then to KCl (125 Mg. %) for 5 Minutes 


15 31 90 


11 34 Reg. Over 60 


* Equals the diameter in mm. of the vascular sinus surrounding the embryo. 


studies had shown that the same concen- 
tration of KCl would prevent completely 
the cardiac effects of smaller amounts of 
glycoside (e. g., 0.00001 mg. per cc.). 
When these results were compared to 
those obtained in hearts exposed to the 
same amount of glycoside in ordinary 
Tyrode’s solution, it became obvious (com- 
pare Table 1, B4 and 5) that the glycoside 
had been inhibited by the excess potas- 
sium. At higher concentrations of KCl 
in Tyrode’s solution, the action of glyco- 
side was even more retarded (see Table 1, 
B6, 7 and 8), as judged by the absence 
of increased rate of beating, A-V_ block 
and the prolongation of the duration of 
beating. 


to inhibit digitalis even at rapid rates of 
heart beating as was shown by the follow- 
ing experiment. Fourteen control hearts 
were placed for 5 minutes in normal 
Tyrode’s solution containing 0.001 mg. of 
glycoside per cc., and then transferred to 
pure Tyrode’s solution. Hearts so treated 
(see Table 2, A) exhibited A-V block 
11 minute after being placed in the second 
solution and ceased after 27 minutes. 
When 16 hearts were exposed for the same 
amount of time to the same amount of 
glycoside in Tyrode’s solution containing 
125 mg. per 100 cc. of KCl, the hearts 
beat as rapidly as the control hearts (see 
Table 2, C) when they were transferred 
to the second Tyrode’s solution. Never- 
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theless, only 9 of them (56%) exhibited 
A-V block and then only after an average 


period of 28 minutes. Moreover, all of 
these hearts continued to beat for over 
60 minutes. These results allowed little 
doubt that the inhibition of digitalis. gly- 
coside effected by excess potassium was 
certainly not due exclusively to the latter’s 
ability to depress the rate of beating. 
Further studies indicated that potas- 
sium was able to inhibit the action of 
digitalis glycoside regardless of whether 
the heart was exposed to excess potassium 
before or after its contact with digitalis 
glycoside. Thus when 21 hearts were 
immersed for 5 minutes'in Tyrode’s solu- 
tion containing 125 mg. per 100 ce. of 
KCl and then transferred for 5 minutes 
to a solution containing 0.001 mg. of gly- 
coside per cc. (see Table 2, B), only 11 
(52%) exhibited A-V block when trans- 
ferred again to normal Tyrode’s solution. 
When these results were compared to those 
obtained on the control hearts (compare 
Table 2, A, B), it can be seen that pre- 
liminary administration of KCl protected 
the hearts against digitalis. Likewise, 
when 15 hearts were first placed for 
5 minutes in Tyrode’s solution containing 
0.001 mg. of glycoside per cc., then trans- 
ferred to Tyrode’s solution containing 
125 mg. per 100 ce. of KCl for 5 minutes, 
and finally transferred to normal Tyrode’s 
solution (see Table 2, D), only 11 of the 
15 hearts (73 %) exhibited A—V block after 
an average period of 34 minutes. More- 
over, these hearts beat for over 60 minutes. 
3. THe Errect or Diaitauis Giyco- 
SIDE Upon THE Potassium CONTENT OF 
THE Empryonic Heart. (a) Toxic Con- 
centration of Glycoside (0.001 Mg. per Cc.). 
Nineteen hearts were immersed in Tyrode’s 
solution containing 0.001 mg. of glycoside 
per ce. Each of these hearts promptly 
increased their rate of contractions, ex- 
hibited A—V block within 11 minutes and 
ceased beating after an average period of 
22 minutes. After they had ceased to 


beat, they were transferred to Tyrode’s 
solution containing 125 mg. per 100 cc. 
Approximately 12 minutes after 


of KCl. 


-190 minutes. 


this transfer, each of the hearts began to 
beat again and continued to do so for over 
45 minutes although the rate of beating 
averaged only 30 beats per minute (appar- 
ently due to the high KCl concentration). 
However, A-V block appeared as soon as 
the hearts began to contract again and it 
never disappeared despite the duration of 
beating. Thus, although a high concen- 
tration of KCl was able to initiate beating 
in a heart stopped by a toxic amount of 
glycoside, it was not able to abolish the 
A-V block. 

(b) Therapeutic Concentration of Glyco- 
side (0.00001 Mg. per Cc.). In order to 
determine the possible effect of a minute 
amount of glycoside (which previous stud- 
ies! had shown ineffective in hastening 
the cessation of beating of embryonic 
hearts) upon the potassium content of 
the hearts, 10 control hearts beating in 
normal Tyrode’s solution and 23 hearts 
beating in Tyrode’s solution containing 
0.00001 mg. of glycoside per cc. were ob- 
served until all of them ceased beating. 

It was found that whereas none of the 
control hearts exhibited A—V block, 15 of 
the 23 hearts exposed to glycoside, ex- 
hibited A—-V block after an average period 
of 56 minutes. The control hearts finally 
ceased beating after an average period of 


184 minutes. Hearts exposed to glycoside 


ceased beating after an average period of 
Transfer of both the con- 
trol hearts and those exposed to glycoside 
to Tyrode’s solution containing 125 mg. 
per 100 cc. of KCl was not followed -by a 
resumption of beating in any heart of 
either series. These findings suggested 
strongly that, although the amount of 
glycoside used was able to produce A-V 
block in hearts exposed to it, it did not 
appear to lead to a significantly greater 
loss of potassium from these same hearts, 
as judged by the duration of beating. 

In a previous section it was found that 
hearts beating in Tyrode’s solution with- 
out potassium usually exhibited A-V 
block and ceased beating after an average 
period of 29 minutes. These abnormal 
cardiodynamics supposedly were due to a 
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gradual loss of KCl from the embryonic 
hearts. Furthermore, it was pointed out 
that the behavior of these hearts in such 
a solution was qualitatively different 
from hearts exposed to glycoside. In 
order to investigate this further, 10 hearts 
were exposed to a therapeutic amount of 
glycoside (0.00001 mg. per cc.) in Tyrode’s 
solution containing no KCl. If small 
amounts of glycoside acted to withdraw 
potassium from the heart, these latter 
hearts should cease much sooner: than 
hearts immersed in Tyrode’s solution 
which was of normal character except for 
the complete absence of KCl. However, 
it was found that the 10 hearts exposed 
to glycoside in Tyrode’s without KCl 
continued to beat for an average period 
of 30 minutes. When this duration of 
beating was compared with that of hearts 
beating in Tyrode’s without KCl (see 
Table 1, Al), it was found that there was 
no significant difference. This finding 
further confirmed the above observation, 
that an amount of glycoside (0.00001 mg. 
per cc.) which could produce A-V block 
probably did not withdraw potassium from 
the embryonic duck heart. 

Discussion. The preceding observations 
strongly suggested that much of the con- 
fusion concerning the relationship of potas- 
sium and digitalis might be due to over- 
looking the fact that potassium, regard- 
less of the presence or absence of digi- 
talis, acts as a cardiac depressant. Thus, 
Wiggers et al.™ clearly showed that the 
ventricular fibrillation sometimes occur- 
ring in dogs during operative procedure 
could be abolished by the coronary perfu- 
sion of potassium. Likewise, Sampson 
and Anderson" showed that the adminis- 
tration of potassium to patients suffering 
from cardiac arrhythmias frequently led 
to the elimination of the latter regardless 
of the cause of the arrhythmia. Castle- 
den? in confirming the findings of Sampson 
and Anderson also pointed out that extra- 
systoles occurring spontaneously or after 
insulin hypoglycemia in patients who had 
not received digitalis might disappear after 
potassium administration. In our studies, 
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regardless of whether A-V block was 
initiated by an elevation of temperature 
or by the administration of digitalis glyco- 
side, it was inhibited in its onset by excess 
potassium. Furthermore, excess potas- 
sium was able to inhibit the A-V block 
produced by a quantity of glycoside which 
in itself was found incapable of causing a 
withdrawal of potassium from the heart. 
These facts suggested that excess potas- 
sium was able to inhibit the effect of 
digitalis glycoside in part at least because 
of its own intrinsic power to depress the 
irritability of the heart. However, excess 
potassium also was found to inhibit the 
effects of large amounts of digitalis glyco- 
side in a specific manner, presumably by 
supplying the heart with potassium when 
the latter was losing its own because of 
the toxic effect of digitalis glycoside. 
This last observation was essentially in 
accord with the experimental findings of 
Hagen,® and Wedd,” and in part with 
those of Wood and Moe“ who also found 
that toxic amounts of digitalis caused the 
heart to lose potassium. The observation 
also might explain the abolition of arrhyth- 
mias in overdigitalized patients after the 
administration of potassium.’ 

Thus it appears that the potassium ion 
is able to inhibit the actions of digitalis 
upon the heart by: (1) itself depressing the 
irritability of the heart, and (2) offsetting 
the loss of potassium from the heart which 
occurs whenever the latter is exposed to 
large or toxic amounts of digitalis. 

Summary. 1. The effects of different 
concentrations of potassium upon the nor- 
mal embryonic duck heart were studied. 
It was found that the absence of potassium 
led to arrhythmias and early cessation of 
beating. Excess potassium conversely, 
depressed heart action. . 

2. The absence of potassium was found 
to enhance the effects of a digitalis glyco- 
side (Lanatoside C), whereas an excess of 
potassium inhibited the actions of the 
same drug. 

3. Only large or toxic amounts of digi- 
talis glycoside were found to cause a 
probable loss of potassium from the heart. 
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Excess potassium was effective in inhibit- 
ing this process. 

4. The results of the entire study indi- 
cated that excess potassium was able to 
inhibit the actions of digitalis glycoside 


POTASSIUM ON THE 


ACTIONS OF A DIGITALIS GLYCOSIDE 


by the following mechanisms: (1) by itself 
depressing the irritability of the heart, and 
(2) by serving as a source of potassium to 
a heart apparently losing it after exposure 
to toxic amounts of digitalis. 
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WITHIN the past few years a number of 
reports have appeared in the medical 
literature regarding the harmful effects of 
prolonged administration of large amounts 
of irradiated ergosterol. Such effects have 
been reported mainly in patients suffering 
from rheumatoid arthritis. The toxic 
reactions are reported to be either acute or 
chronic. The acute reactions consist of 
nausea, vomiting, abdominal pain, 
anorexia and diarrhea, all of which 
promptly disappear when vitamin D is 
withdrawn. The chronic symptoms are 
usually those related to the presence of 
metastatic calcifications and appear sec- 
ondarily to hypercalcemia. 

The symptoms of acute toxicity from 
vitamin D appear quite early in the course 
of therapy, and seem to be influenced by 
the amount of vitamin D and calcium 
ingested.» There also seems to be 
considerable individual variation among 
patients regarding the amount required 
to produce intoxication.“ It has been 
indicated by Lewis that vitamin D given 
in milk may have ten times the potency 
of that given in oil. Bauer? has suggested 
that the lack of toxicity reported by some 
observers following the administration of 
large doses of ergosterol may be accounted 
for on this basis. Tumulty and Howard” 
report 2 patients in whom gastro-intestinal 
symptoms appeared about 2 weeks follow- 
ing the daily ingestion of 750,000 inter- 
national units of irradiated ergosterol. 
In a patient reported by Freeman,.et al.," 
symptoms of acute toxicity appeared after 


taking approximately 300,000 interna- 
tional units for a period of 6 weeks. 

Diminution in renal function is fre- 
quently observed following the excessive 
ingestion of vitamin D. Patients with 
normal renal function prior to taking 
vitamin D have shown albuminuria, 
hematuria, and retention of non-protein 
nitrogen components after receiving large 
doses for a prolonged period of time.7:*-. 
Steck, et al.,2° indicate that the kidney is 
exceptionally vulnerable to the action of 
vitamin D, and that diminution in renal 
function might be regarded as a contra- 
indication to administering large amounts 
of this vitamin. 

Calcification of soft tissues may also 
appear following the prolonged adminis- 
tration of vitamin D. These may be 
detected clinically as localized, painful 
swellings around the joints,*" or as radio- 
graphically opaque areas in muscles, blood- 
vessels, kidney, and tendon attachments. 
It has been demonstrated repeatedly that 
experimental animals can be killed by 
administering large doses of irradiated 
steroids and that the outstanding patho- 
logical finding in these animals is diffuse 
metastatic calcification involving especi- 
ally the arterial system and the kidneys. 
Mulligan“ and Bauer? both reported cases 
showing metastatic calcification follow- 
ing the prolonged administration of vita- 
min D. These cases at autopsy disclosed 
microscopic calcification in the endo- 
‘ardium, arteries, kidneys, lungs, tendons, 
dura and subcutaneous tissues. According 
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to Steck, et al.,?° the subcutaneous tissue 
valcification in some patients may disap- 
pear after discontinuing the administra- 
tion of vitamin D. Shelling and Asher" 
indicate that the metastatic calcifications 
in the tissues are apt to develop at sites of 
local injury. 

The literature pertaining to vitamin D 
and its relation to calcium and phosphorus 
metabolism in experimental animals is ex- 
tensive; that on human subjects is more 
limited. Dreyer and Reed? found the con- 
centration of serum calcium to be greatly 
increased in humans receiving large doses 
of vitamin D; on the other hand, Wyatt 
and his colleagues* reported only slight 
increases. It would appear that perhaps 
other factors, in addition to vitamin D, 
may be responsible for the development 
of the increased concentration of serum 
calcium. Bauer? has called attention to 
great individual variations from patient 
to patient in the dose required to produce 
deleterious effects. Several investiga- 
tors’? have shown that the degree of 
hypercalcemia produced by irradiated 
ergosterol is to an extent dependent upon 
the amount of calcium ingested. It is 
noteworthy that many of the patients who 
showed undesirable effects following ad- 
ministration of vitamin D, had in addition, 
received abnormally large amounts of 


Case Report. 
to the medical wards of the Hospital of the 
University of Pennsylvania on January 3, 
1946. Five years prior to admission she 
first noticed arthritic pains primarily in her 
hands but also involving her shoulders, 
elbows, and knees. At this time her phy- 
sician began treatment with a proprietary 
brand of vitamin D.* She continued taking 
this preparation for a period of 33 years, 
taking an average dose of 23 capsules daily 
(125,000 units).t From close questioning it 
was estimated that our patient took approx- 
imately 4 capsules (200,000 units) daily for 
the first year, 3 capsules (150,000 units) daily 


* Ertron, which according to the manufacturer 


pared by the Whittier process.” 


The patient was admitted 


1S 


FROST, SUNDERMAN, LEOPOLD: 


for the second year, 2 capsules (100,000 units) 
daily for the third year, and 1 capsule 
(50,000 units) daily for the remaining 6 
months. All medication had been stopped 8 
months prior to admission. 

One and one-half years before admission 
she first noted pain in the region of the left 
sacro-iliac joint and left ischial tuberosity 
which radiated down the left leg along the 
distribution of the sciatic nerve. Several 
weeks before admission she developed severe 
pain about the right knee located especially 
over several nodules that had developed in 
this area. She had lost 20 pounds in weight 
during the year preceding admission. The 
past medical, family and social histories were 
not contributory. 

Physical examination revealed a _ thin, 
apprehensive, asthenic, elderly woman. 
Blood pressure was 140/90 mm. of Hg. 
Examination of the heart and lungs revealed 
no lesions. The liver was palpable 2 to 3 em. 
below the right costal margin. The left 
iliac crest was abnormally prominent and 
irregularly nodular. Exquisite pain could be 
elicited by pressure over the left sacro- 
iliac joint and over the left ischial tuberosity. 
There was limitation of motion at the left 
hip owing to pain. Marked tender hyper- 
ostosis with many exostoses were found at 
the ends of both bones forming the knee 
joints. Over the distal interphalangeal joint 
of the left thumb there was a soft tissue 
swelling in which could be felt several hard 
freely movable bodies. All the interphal- 
angeal joints and wmetacarpophalangeal 
joints showed bony enlargement with some 
limitation in flexion. 

External examination of the eyes disclosed 
equal fissures, clear lids and good lid function. 
Ocular tension was regarded as normal. 
Pupils were regular and reacted to light 
and near stimuli. Ocular movements, both 
dysjunctive and conjugate, were full. The 
conjunctivae were clear except in the fissural 
areas close to the corneas both on the nasal 
and temporal sides. Several flecks of highly 
reflecting, irregular, solid material were seen 
in this area which were not foamlike and 
were definitely calcareous to touch. Under- 
lying these deposits were areas of ‘flesh 
colored” depositions approximately tri- 


‘ 


‘electrically activated vaporized ergosterol pre- 


t According to the manufacturer ‘‘each capsule of Ertrén contains 5 mg. of activation-products 
having a potency of not less than 50,000 U.S. P. units of vitamin D.”’ 
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angular in shape, which were stony hard 
when scraped. On both the nasal and 
temporal sides of each cornea, in the fissural 
zone were areas of irregular, superficial, 
white, granular opacities. (Figure 1.) 

By slit lamps these opacities were found 
to be in the superficial part of the cornea 
between the epithelium and the most an- 
terior stroma. These opacities seemed to be 
spreading toward the center of the cornea. 
The lens showed large spokes and spicules 
in the cortical area. 


per 100 ml. Only 20% of phenolsulphone- 
phthalein was excreted in 45 minutes. 

Roentgen examinations of the bones 
revealed degenerative arthritic changes of 
both knees, hypertrophic changes in the 
lumbar spine and lumbosacral joint, asym- 
metry of the pelvis with demineralization, 
and some calcification of the blood-vessels 
posterior to the femur. An intravenous 
urogram revealed marked diminution in the 
excretion of neo-iopax by both kidneys. No 
structural abnormalities of the kidneys were 
noted. 


Fig. 1. Caleareous infiltration into conjunctiva and cornea. 


LABORATORY StupiEs. The blood count 
revealed 3.6 million erythrocytes per cmm.; 
6000 leukocytes per cmm., and a normal 
differential count. The hemoglobin con- 
centration was 10.9 gm. per 100 ml.; fasting 
blood sugar, 73 mg. per 100 ml.; blood urea 
nitrogen, 28 mg. per 100 ml.; total serum 
protein, 6.3 gm. per 100 ml.; serum albumin, 
4.3 gm. per 100 ml.; and serum globulin, 
2 gm. per 100 ml. The concentration of 
serum calcium was 12.8 mg. per 100 ml.; 
serum alkaline phosphatase, 5.5 units (Shino- 
wara, Jones and Reinhart); serum choles- 
terol, 295 mg. per 100 ml. Serological tests 
for syphilis were negative. Spinal fluid 
examination, including cells, protein, sero- 
logical and colloidal gold tests, were not 
remarkable. The semi-quantitative Sulka- 
witch test for the estimation of calcium in 
the urine yielded approximately 200 mg. 


CaLciumM BALANCE MEASUREMENTS. 
Measurements of the calcium balance were 
undertaken on our patient following the plan 
described by Bauer and Aub.‘ The analysis 
of samples of a hashed daily diet yielded 160 
mg. of calcium and 768 mg. of phosphorus. 
Sufficient calcium lactate was given orally 
so that the total calcium ingested amounted 
to 1 gm. daily. After the patient had been 
placed on this regimen for one week to 
permit adjustment, collections were obtained 
for analysis. The period of study was 
divided into periods of 3 days, during which 
all urine and feces were collected and pooled 
separately. The limit of each 3-day period 
for the collection of feces was determined 
by the appearance of carmine in the stool. 
Samples of serum from venous blood were 
collected at the beginning of each 3-day 
period and at the end of the study. The 
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amount of calcium contained in each pooled 
specimen of urine and feces was obtained by 
the method of Shohl and Pedley'® and the 
amount of the inorganic phosphorus of these 
specimens, by the method of Tisdall.” 
Methods for the analysis of the serum com- 
ponents are the same as those previously 
reported .”! 


continuing vitamin D, the concentration 
of serum calcium had returned to within 
the normal range of values. All other con- 
centrations of serum electrolytes were 
within normal limits excepting serum mag- 
nesium which was decreased initially, at 
the time when the serum calcium was 


TABLE 1.—Catctum BALANCE STUDIES 


Ca food Ca lactate Total Calcium Total : Percent 
intake as Ca output Ca Calcium total Ca 
Periods per period, Ca/period, intake, sammie output, balance, excreted 
(3-day) mg. mg. gm. Urine Feces gm. gm. in urine 
I 424 2571 ‘ 2.995 0.428 2.375 2.803 +0.192 15 
II 580 2571 . 0.388 3.200 3.588 — 0.437 11 
III 498 2571 . 38.069 0.381 3.675 4.056 —0.9&7 9 
Total —1.232 
IV 298 0 0.298 0. 338 0.144 0.479 —0.181 81 
TABLE 2.—SERUM COMPONENTS 
os 
=, G4 Ga 
A= Of= AE a 
Jan. 6 14.3 4.: Alk. phospha- 
tase 5.3 units 
Jan. 18 3.4 18 44 6.8 ce 29 "8 .. Serum albumin 
4.3 gm./100 ml. 
Serum globulin 
2.0 gm./i00 ml. 
Jan. 4 12.7 
Mar. 21 149 .0 12.1 1.9 4.1 101.7 & 6.5 ae 26 4.2 
May 11 150.0 10.9 1.9 42 Wi: .. 5.8 278 33 
Normal 142.0 90 1.8 3.2 98.5 60 5.9 150 
values to to to to to to to to to to to 
4 


149.0 11.0 2.2 3 104.5 71 

Results. The results of the calcium 
balance studies are given in Table 1. It 
will be seen that excepting for Period I, 
in spite of an adequate calcium intake, our 
patient was in negative calcium balance. 
On an adequate intake of calcium 9 to 15% 
of the calcium ingested was excreted in 
the urine. On a low intake of calcium 
(Period IV) the fecal calcium decreased to 
0.144 gm. and 81% of the total calcium 
was excreted in the urine. 

The results of estimations of the serum 
components are given in Table 2. The 
concentration of the serum calcium was 
elevated on admission to the hospital and 
remained increased during the following 
11 weeks, although vitamin D therapy had 
been stopped 8 to 11 months previously. 
On reéxamination 13 months after dis- 


7.0 190 15 4.0 100 


increased. The concentration of blood 
urea nitrogen, which was elevated at the 
time of admission, was found to be higher 
on reéxamination. 

Discussion. It would appear from these 
studies that the patient probably suffered 
from the prolonged unsupervised admin- 
istration of vitamin D. Massive doses of 
vitamin D have been used in the treat- 
ment of arthritis during the past decade, 
and the clinical reports, until recently, 
have implied that such administration 
produced no harmful effects. The studies 
of Danowski, Winkler and Peters,* how- 
ever, indicated that this was not neces- 
sarily the case and called attention to 2 
patients who had received vitamin D for 
the treatment of arthritis and whose 
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clinical courses were somewhat analogous 
to that of our patient. 

Freeman, Rhoads and Yeager" report 2 
patients who had received massive doses 
of vitamin D for periods of 5 months 
and 6 years respectively. These authors 
emphasized the impairment of renal func- 
tion as evidence of vitamin D toxicity in 
their patients. Our patient also exhibited 
diminished renal function as indicated by: 
(1) elevated blood urea nitrogen, 28 mg. 
per 100 ml.; (2) increased serum uric acid, 
over 10 mg. per 100 ml.; (3) decreased 
excretion of phenolsulphonephthalein, with 
3% excreted in 15 minutes and 28% in 
2 hours; (4) diminished excretion of neo- 
iopax. 

The question obviously is raised as to 
whether persistence of hypercalcemia 8 
months after our patient stopped taking 
vitamin D is due to the continuance of 
vitamin D effect. Support for this opin- 
ion is suggested by the calcium balance 
studies. On the Bauer and Aub diet when 
our patient ingested only 298 mg. of 
calcium in 3 days, the excretion of calcium 
in the urine remained essentially the same 
as the amounts excreted on a normal 
intake of calcium, although the excretion 
of calcium in the feces was greatly dimin- 
ished. These alterations in the route of 
calcium excretion are similar to those 
observed by Bauer, Albright and Aub?* in 
individuals on low intake of calcium and 
receiving large doses of vitamin D. In 
this connection it should be noted that 
similar hypercalcemia was also reported 
by Danowski, Winkler, and Peters.* In 
one of their patients the hypercalcemia 
persisted for 13 years after discontinuance 
of the vitamin D medication. 

The ocular lesions which are illustrated 
in Figure 1 suggest three diagnostic pos- 
sibilities: (1) Arcus senilis which, how- 
ever, can be excluded as it usually starts 
at either the upper or lower pole of the 
cornea and the site of infiltration is most 
often in the deep parenchyma. (2) White, 
limbus girdle can also be ruled out as it 
spreads concentrically around the cornea 
and does not show the dark areas as seen 


in our patient. (3) Zonular or band- 
shaped dystrophy occupies the external 
layers of the cornea as do the eye lesions 
in the present patient and is thought to be 
at keast in the later stages an example of 
calcareous degeneration. The ocular find- 
ings in this patient resemble those of 
zonular dystrophy. In addition, this 
patient displayed a _ gritty-stony-scleral 
deposit. It therefore seems likely that 
these ocular changes represent calcific 
deposition. 

It is quite likely that these abnormalities 
of the cornea and conjunctiva in a patient 
with hypercalcemia can very well be 
attributed to calcific deposits. It is 
realized that by clinical appearance they 
could be lipoid or hyaline in nature and 
that chemical analysis would have been 
helpful. Scrapings of the flesh colored 
lesions in the deep bulbar conjunctiva 
and sclera indicated the presence of 
calcium. 

It would seem obvious that patients 
receiving vitamin D for the treatment of 
arthritis should not be permitted to con- 
tinue treatment on their own initiative. 
Measurement of serum calcium should be 
made at frequent intervals and the ad- 
ministration of vitamin D should be 
stopped if hypercalcemia develop’. In 
addition, it might be worth emphasizing 
that in any patient having an unexplained 
hypercalcemia, careful questioning might 
be made regarding the previous intake of 
vitamin D. It would also appear that the 
toxic effects from the administration of 
vitamin D perhaps may be more common 
than the paucity of reports may indicate.® 

The introduction of vitamin D in the 
therapy of arthritis followed the chance 
finding that patients receiving this sub- 
stance for allergic conditions showed a 
coincident improvement in arthritis”. 


. Experimentally in rats the administration 


of vitamin D may produce either a de- 
crease or an increase in bone ash depending 
upon the dose,® but there appears to be no 
correlation between alterations in the 
density of the skeleton or exostoses and 
clinical improvement in arthritis following 
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the administration of vitamin D.!?!9 
Likewise abnormality in the calcium and 
phosphorus balance of patients with 
arthritis has not been demonstrated. 
If there are any favorable effects of vitarnin 
D in arthritis it would appear that they are 
probably unrelated to the metabolism of 
either calcium or phosphorus. 

Summary. Studies of calcium metabolism 
are reported in an individual suffering from 
rheumatoid arthritis who had received 
large amounts of vitamin D for a period of 
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42 months. Although vitamin D had been 
discontinued 8 months previously, hyper- 
calcemia persisted and on a low intake of 
calcium, a relatively high excretion of 
calcium was maintained in the urine. In 
addition, there was evidence of diminution 
of renal function. Calcium deposits into 
the sclera and cornea were prominent 
features. Our studies support the view 
that the administration of large doses of 
vitamin D may have a prolonged effect 
lasting over a period of months. 
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SrncE the early descriptions of tularemia 
between 1910 and 1920, many remedies 
have been used, including sulfonamides 
and penicillin. Until 1944 only 2 prepara- 
tions had been classed as effective treat- 
ment; the antitularense serum, advocated 
by Foshay,' and bismuth sodium tartrate 
intravenously, advocated by Jackson. In 
1944, Heilman* published data on the 
treatment of experimental tularemia show- 
ing that mice could be protected from a 
lethal dose of Pasteurella tularensis by the 
subcutaneous administration of strepto- 
mycin. Since that publication, several 
investigators have reported the effective- 
ness of streptomycin in the treatment of 
this disease.? 

This study reports favorable effects of 
streptomycin in the treatment of 5 pa- 
tients with tularemia. In each case, the 
handling of wild rabbits was the source of 
infection. The 2 patients with the ty- 
phoidal type of the disease and 1 of the 3 
ulceroglandular type were critically ill on 
admission. 


Method of Treatment. The streptomycin, 
dissolved in normal saline, was given intra- 
muscularly every 3 hours. In 2 cases the 
daily dose was 400 mg. In the other cases 
800 mg. per day were administered. 

Case Reports. Case 1. S.S., a 59 year 
old obese housewife, began to have symp- 
toms within 24 hours after she accidentally 
stuck a bone of a wild rabbit into her right 
thumb. These symptoms consisted of nau- 
sea, vomiting, chills and fever and extreme 
somnolence. She was admitted to the hospi- 
tal 4 days after onset of symptoms. The 
findings at this time showed an elderly 


woman acutely ill. Temperature 103.8° F. 
The only other significant findings were the 
ulcerative lesion on the thumb, markedly 
tender enlarged axillary nodes on the same 
side, and smaller epitrochlear nodes. 

The patient was given a total of 500,000 - 
units of penicillin intramuscularly during 
the first 3 days of hospitalization with no 
evidence of improvement.’ Streptomycin 
was started on the 5th hospital day, 0.4 gm. 
daily for 18 successive days, making a total 
of 7.2 gm. 

She noted marked subjective improvement 
on the 2nd day of streptomye'n therapy. 
The recovery was rapid; there was rapid 
decrease in the pain‘of the axillary nodes 
and a gradual reduction of the nodes to 
normal size by the 23rd hospital day, when 
she was discharged. No subsequent lymph- 
adenopathy occurred. The agglutination 
titer for tularemia was negative for the first 
8 days of the disease. Although the strepto- 
mycin was started during this negative per- 
iod, the agglutination titer gradually increas- 
ed, reaching a peak of 1:2560 on the 28th 
day of the disease. The patient’s subse- 
quent course has been uneventful. Figure 1 
summarizes certain features of the clinical 
course. 

CasE 2. W. J., a 28 year old butcher, 
punctured his left middle finger with a rab- 
bit bone 2 weeks before the onset of weak- 
ness, anorexia, malaise and general muscular 
aches. He was admitted to the hospital 
during the 3rd week of disease, not acutely 
ill. The clinical findings indicated an ulcero- 
glandular type of tularemia. An axillary 
node was enlarged (3 by 2 em.), tender but 
non-fluctuant. Treatment consisted of strep- 
tomycin, 0.8 gm. daily for 4 days and 0.4 gm. 
for 3 days. 

The fever subsided rapidly; there was 
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rapid healing of the primary lesion and the 
axillary node had decreased to less than 
1 cm. in diameter by the 17th hospital day. 
He was discharged to be followed in the clinic. 

The patient was seen again 18 days after 
discharge. At this time there was a large 
fluctuant mass at the site of the previous 
lymphadenopathy. The leukocyte count was 
13,400, although the temperature was nor- 
mal. Aspiration yielded 40 ce. of grayish 
brown pus. The patient was again given 
streptomycin, 1.2 gm. daily. Animal in- 
oculations and cultures were done on the 
pus with negative results. Eight days later, 
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and slight nuchal rigidity. Available history 
indicated sudden onset of headache, fever, 
low back pain of 4 days duration. The ex- 
amination showed the patient critically ill, 
dullness and rales were present at the right 
base but no lymphadenopathy nor ulcera- 
tions were present. The lumbar puncture 
showed a pressure of 220 mm. of water but 
the cell count was normal. During the first 
3 days she was treated with penicillin and 
salicylates without improvement. The tem- 
perature reached 106° F. on the 3rd hospital 
day. At this time streptomycin was started 
empirically, 100 mg. every 3 hours. 
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35 ec. of similar pus were removed from the 
same site and this time 50 mg. of strepto- 
mycin in saline was injected into node. The 
node diminished in size and became indu- 
rated and the patient was again discharged 
on the 20th hospital day. Twelve days later 
the node had again enlarged and was fluctu- 
ant. It ruptured spontaneously. Although 
the node drained for a considerable period, 
convalescence was otherwise uneventful 
(Fig. 2). The initial agglutination, taken in 
the 3rd week of the disease, was positive 


1:1280. At no time did the titer exceed 
that dilution. 
Case 3. A. W., a 48 year old housewife, 


was admitted to the hospital in a state of 
delirium, and with temperature 105.6° F. 


1280 1:12.80 
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On the 2nd day of streptomycin therapy 


‘the temperature dropped to 99.6° F., at 


which time the delirium cleared. During 
the succeeding 14 days of streptomycin 
therapy, all symptoms except slight weak- 
ness disappeared but the fever continued 
to fluctuate. On the 16th day of strepto- 
mycin therapy the possibility of streptomy- 
cin fever was considered and the drug was 
discontinued for 9 days. Since the fever 
continued during this 9 day interval, strep- 
tomycin was started again, 50 mg. every 
3 hours intramuscularly, without significant 
effect on the fever (Fig. 3). 

The agglutination for tularemia taken on 
admission was positive only in 1:40 dilution. 
After the delirium had cleared, a history of 
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handling wild rabbits was obtained, so addi- 
tional agglutination tests were made. At 
this time a diagnosis of typhoidal tularemia 
with pneumonitis was made. On the 22nd 
day of the disease the titer was positive, 
1:5120. In spite of a continued low grade 
fever, the patient remained symptom free, 
and was discharged at her request with rec- 
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tal temperature of 100° F. On subsequent 
visits she remained symptom free, but 
several weeks elapsed before the temperature 
became normal. 

Case 4. S. H., a 34 year old butcher, 
had been dressing wild rabbits daily for a 2 
week period prior to the onset of symptoms. 

His initial symptoms were chills and fever 
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followed by somnolence during the 1st week. 
During the 2nd week he developed a non- 
productive cough. He entered the hospital 
at the end of the 3rd week of illness in a 
state of delirium and severe dehydration. 
The admission findings showed a critically 
ill patient with carphalogia, a fever of 
102.4° F., and a leukocytosis of 13,000. The 
lungs showed rdles at the left base and, by 
Roentgen ray, evidence of. pneumonitis. 
The abdomen was distended and tympanitic. 
There was no lymphadenopathy and no defi- 
nite ulcerative lesion. The history indicated 
chronic alcoholism and inadequately treated 
syphilis. The clinical impression was tular- 
emia, typhoidal type, with pneumonitis. 
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It was our impression that the patient 
had an intercurrent infection, the causative 
organism of which was sensitive to penicillin 
but not to streptomycin. The initial agglu- 
tination on admission was positive, 1:320 
for tularemia. There was a progressively 
rising titer up to 1:20,480 on the 44th day 
of the disease and 22 days after streptomy- 
cin was started. <A total of 11.8 gm. of strep- 
tomycin was given. The patient made an 
uneventful recovery. 

Case 5. W. W. was a 25 year old house- 
wife with a typical history of contact with 
wild rabbits and of an insidious onset of 
chills, fever and cough. She was seen by 
4 different private physicians during a period 
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Streptomycin intramuscularly was started 
on the 2nd hospital day, 50 mg. every 3 hours 
for 24 days, at which time the dose was in- 
creased to 100 mg. every 3 hours because 
of the increasing delirium. In view of the 
alcoholic history the possibility of delirium 
tremens was considered and the patient was 
started on thiamin chloride, 200 mg. intra- 
muscularly every 3 hours. 

Within 2 days the delirium was much 
improved. The patient’s course was un- 
eventful except on 2 occasions when the 
temperature became elevated while the 
streptomycin was being given. In each in- 
stance the temperature dropped to normal 
with penicillin therapy (Fig. 4). 


of 9 weeks but none of these physicians sus- 
pected the correct diagnosis. During this 
9 week period she continued to have low- 
grade fever and occasional chills and severe 
headache. At the time of admission the pri- 
mary lesion on the left thumb was still 
ulcerated and there was a mass of enlarged 
nodes in the left axilla which was exquisitely 
tender and distinctly fluctuant. In addition 
there were several lymphangitic nodules on 
the flexor surface of the left forearm. The 
admission temperature was 99° F., the leu- 
kocytes 10,500. The patient was 3} munths 
pregnant. 

We decided to see whether the mass of axill- 
ary nodes could be resolved by systemic and 
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local streptomycin therapy without surgical 
drainage. She was given 100 mg. of strepto- 
mycin intramuscularly every 3 hours. On 
the 6th day of therapy, 100 mg. of strepto- 
mycin was injected directly into the node 
after aspiration of 300 ce. of pus. This pro- 
cedure was repeated 3 times during the next 
7 days, until we were convinced that no 
improvement was to be expected. At this 
time surgical drainage was instituted. The 
drainage continued for a short period but 
gradually disappeared as the surgical wound 
healed in several weeks. The lymphangitic 
nodules showed rapid healing, never reach- 
ing a stage of suppuration. The initial ag- 
glutination was positive, 1:1280, and con- 
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critically ill patients. One of the 2 pa- 
tients with delirium showed complete 
clearing of the mental state within 36 
hours after the streptomycin was started. 
The delirium in the 2nd patient was com- 
plicated by delirium tremens, but also 
showed rapid clearing with a combination 
of parenteral vitamins and streptomycin. 
The severe headache and somnolence in 
the 3rd patient cleared at the end of 
24 hours of streptomycin therapy. These 
results indicate the immediate beneficial 
effects on the acute toxic manifestations 
of the disease. This effect will probably 
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tinued the same throughout her illness prove most valuable, since a good percen- 
(Fig. 5). After 3 weeks of streptomycin tage of those patients who succumb to 


therapy the patient developed symptoms of 
a threatening abortion, which failed to re- 
spond to obstetrical therapy. Examination 
of the fetus and placenta by the pathologist 
showed no pathologic changes which could 
be attributed to streptomycin or tularemia. 
Experience with this patient gave convinc- 
ing evidence that local and systemic strepto- 
mycin therapy without surgical drainage 
was not the treatment of choice when tula- 
remic lymphadenitis had reached the stage 
of suppuration. 


Discussion. The beneficial effect of 


streptomycin was most striking in the 3 
VOL. 214, No. 6—DECEMRER, 1947 
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the disease do so in a severe state of tox- 
icity by the end of the 2nd week. 

Another feature which has shown a 
constantly favorable course has been 
the healing time of the primary lesion. 
In the 3 cases with primary lesions, heal- 
ing was complete at the end of 10 to 
15 days after streptomycin was started, 
in contrast to the usual average of 39 days.” 

The response of the lymphadenopathy 
to streptomycin therapy was the most 
variable feature in this group of patients. 
In the Ist patient whose nodes were 
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greatly enlarged but non-fluctuant, the 
nodes rapidly and permanently subsided 
with the intramuscular injection of the 
drug. The treatment was started during 
the first 9 days of the disease. 

Intramuscular streptomycin was _ less 
effective in the other 2 patients with 
lymphadenopathy. In the 2nd case, al- 
though the nodes were not fluctuant at 
the time therapy was started, they finally 
suppurated and drained in spite of a total 
of 4.4 gm. of streptomycin intramuscu- 
larly in a period of 7 days. In this case 
the drug was started at the end of the 
3rd week of the disease. 

In Case 5 the nodes were fluctuant 
when the patient was admitted to the 
hospital. Streptomycin therapy was given 
intramuscularly, and locally into the node 
after aspiration of pus. After 4 such 
local injections during a period of 10 days, 
it was obvious that no early beneficial 
effect was to be anticipated from this 
combined systemic and local therapy. 
Once surgical drainage was instituted, the 
improvement was rapid. In this patient, 
therapy was started during the 9th week 
of disease. 

Although this group of cases is not large 
enough to warrant final conclusions on 
this point, we now think that streptomycin 
intramuscularly will resolve the lymph- 
adenopathy if it can be given during the 


ist week or 10 days of the disease. This ° 


result seems less likely if the lymphaden- 
itis has persisted for 3 or 4 weeks. If 


fluctuation is present, intramuscular and 
local streptomycin injections seem not to 
alter the course of the lymphadenitis. 
Adequate surgical drainage of the accu- 
mulated pus along with streptomycin 
therapy seem the best form of treatment 
here as is true with accumulated pus and 
antibiotic therapy in other diseases. 

In the 2 patients in whom streptomycin 
was started prior to the development of a 
significant antibody titer, the agglutina- 
tion showed an increasing titer as nor- 
mally expected in the untreated disease. 
It appears, therefore, that streptomycin 
therapy does not alter the immunity re- 
sponse in patients with tularemia. 

Summary and Conclusions. 1. There 
are reported 5 cases of tularemia, success- 
fully treated with streptomycin. 

2. Systemic manifestations of the dis- 
ease were promptly controlled, and the 
primary ulcer healed in less than half 
the usual time. 

3. Lymphadenopathy subsided prompt- 
ly in a patient treated early, but pro- 
gressed to suppuration in another treated 
late. 

4. Neither intramuscular nor intra- 
glandular injection of streptomycin in a 
patient with a suppurating node could 
obviate the need for adequate surgical 
drainage. 

5. Streptomycin therapy does not alter 
the immunity response, since agglutina- 
tion titers tend to rise as in untreated 
cases. 
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Bacteriology, Marquette University School of Medicine) 


THE réle which the liver plays in -renal 
sulfonamide complications is emphasized 
by the frequency of such developments in 
chronic hepatic diseases and in instances 
of sulfonamide hepatic injury. In a 
previous report” fourteen cases of renal 
sulfonamide complications were described 
and the hepato-renal relationship was 
referred to. Since that time 5 additional 
fatal sulfonamide complications have been 
studied making a total of nineteen. In 
this series of 19 cases there are 7 with 
marked hepatic morphologic change; 2 
with portal cirrhosis, 1 with cholangitic 
abscesses, 1 with advanced fatty meta- 
morphosis of the liver but with minor 
sulfonamide damage (not included in 
this report) and 3 which suffered serious 
liver change induced by the sulfonamide 
drug. These 7 cases represent only the 
non-obstructive renal complications which 
were directly or indirectly the cause of 
death; therefore, 37 % of the cases studied 
have a background of liver damage either 
independent or the result of sulfonamide 
therapy. If 3 fatal obstructive cases are 
included with the above, the incidence is 
53%; however, in the obstructive cases 
the morphologic changes in the liver were 
rather meager and therefore these are not 
included in the tabulations of this report 
even though there was some evidence of 
functional hepatic disturbance. Similarly 
minor morphologic alterations in the liver 
and kidney and clinical complications 
which were non-fatal are not included. 

SULFONAMIDE-LIVER RELATIONSHIP. 
Direct Sulfonamide Toxie Action on the 
Liver (Table 1). Commonly reported 
clinico-pathologic findings of liver dis- 


turbance during sulfonamide therapy in- 
clude bilirubinemia, urobilinogenuria, de- 
crease of prothrombin, depression of 
various liver function tests, alterations in 
serum colloidal gold reactions, enlarge- 
ment of the liver and hemolytic 
Morphologic changes 
frequently discussed are those of focal 
necrosis, fatty degeneration, coagulation 
necrosis and hepatitis.1* The reports of 
human cases and the experimental data 
are quite similar; however, sulfanilamide, 
which is not important in the cause of 
hepatic damage in animals, is quite so in 
man.** Sulfathiazole is the most fre- 
quently encountered drug producing liver 
and renal complications. Next to it is 
sulfadiazine. 

The liver which suffers from a chronic 
nutritional disease is more commonly 
injured by sulfonamide drug. There is 
general agreement in literature relative to 
portal cirrhosis, fatty degeneration, alco- 
holism and vitamin deficiencies.“ Animal 
findings indicate the ease with which 
sulfonamides produce hepatic damage in 
experimental nutritional deficiency and 
the improvement of such cases with change 
in diet and supportive treatment with 
vitamin B, pantothenic acid, folic acid, 
biotin and liver Jt has 
been shown that sulfonamides interfere 
with the storage and utilization of the 
essential vitamins.* Such interference 
may, therefore, be of serious consequence 
in individuals partially depleted of these 
necessary metabolites. The same con- 
siderations apply in the discussion of other 
injurious agents in reference to the liver." 

The problem of individual tissue idio- 
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syncrasy to various drugs including sul- 
fonamides has frequently been referred 
to.” In the cases wherein the first ex- 
perience with the drug results in hepatic 
or renal damage this explanation is 
ordinarily given. It is evident that 
sensitization has not taken place during the 
particular administration. The sulfona- 
mide drugs are tissue toxic. They are used 
therapeutically because their toxic action 
in respect to bacteria is greater than it 
is in respect to tissue; however, under 
certain circumstances a tissue may be 


POLLEY: 


ferred to the kidney which is the second 
line of defense. However, the kidney is 
not as capable of handling toxic agents as 
is the liver; therefore, one may find renal 
toxic changes in addition to those which 
are demonstrable in the liver. It is true 
that mechanical liver injury, crush syn- 
drome, bile peritonitis and various states 
of shock may contribute in a chemical 
manner to renal tissue change with 
resultant renal failure. In these the 
underlying factor may be a functional 
incompetency of the liver in. addition to 


TABLE 1.—Data or Cases SHowinGe Direct Toxic AcTION oF SULFONAMIDES ON LIVER 


dition, such as_ chronic 


fication) brought on by 


load upon the kidneys. 


rendered susceptible to the toxic actions 
of the drug resulting in various complica- 
tions. This, of course, is particularly true 
in cases where there is a predisposing con- 
nutritional 
deficiency. Regardless of the mechanism, 
the state of liver injury with the added 
depression of the vital functions (detoxi- 
sulfonamide 
therapy immediately places an additional 
The burden of 
detoxification, therefore, may be trans- 


taneous abscesses 
cholecysto- 

duodenos- Central lobu- 
tomy, chole- lar necrosis, 
lithiasis old periportal 


fibrosis, cholan- 
gitic abscesses 


dividual organs. 


under the 
Nephrosis.”’ 
Sulfonamide 


(Table 2). 


sideration. 


Granulomatous 
foci, plasma 
cells, lympho- 
cytes and eosino- 
phils, desquamated 
tubules, sulfa crystals 
in tubules 


title of 


Metabolism in 
The liver metabolism of sul- 
fonamide drugs has several points of con- 
The conjugation of sulfona- 
mide drug with serum protein takes place 
apparently in the liver. 
the azo drug with protein serves as a 


Clinical Drug Blood 
Name Sex Age diagnosis used NPN Liver Kidney Remarks 
LS M_ 44 Lobar pneu- Sulfa- 62 2400 grams, 880 grams, left Nephrotoxic and 
monia, dia fatty, soft, hypernephroma, py- mechanical sulfon- 
chronic zine petechial ramidal streakings, amide complication 
alcoholism hemorrhages grayish gritty in portal cirrhosis 
deposits with uremia 
Focal necrosis, 
mononuclear and Marked tubular de- 
polymorphonu- generation, tubular 
clear cellular débris, precipitates, 
reaction, early interstitial inflam- 
portal cirrhosis matory reaction, 
nephrosis and mechan- 
ical crystal injury 
Ca FF 8 Eid Sulfa- 128.4 1700 grams, 600 grams, cortex Portal cirrhosis 
portal thia- granular, hard, 10 to 12 mm., loose with allergic type 
cirrhosis, zole tan capsule, speckled of renal inflam- 
diabetes with hemorrhage, matory destructive 
Fatty degener- linear streaks, reaction and vascu- 
ation of liver necrosis, pelvic litis. Uremia 
cells, portal hemorrhages 
cirrhosis, 
focal necrosis 
with eosino- Granulomatous 
phils, mono- inflammatory reaction, 
cytes and poly- vasculitis 
morphonuclears 
AK M_ 68 Suppura- Sulfa- 279 2000 grams, 350 grams, pale, Chronic liver 
tive cholan- thia- many minute granular disease with cho- 
gitis, spon- zole green-yellow langitic abscesses. 


Development of 
uremia after sulfa- 
thiazole therapy. 
Nephrosis in 
chronic liver disease 


the circulatory disturbances of the in- 
Lucké!"’ has an excellent 
review and discussion of such occurrences 
“Lower Nephron 


Combination of 
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hapten antigen; therefore, it becomes a 
problem of sensitization with repeated 
drug administrations. The lack of any 
correlation between the amount of drug 
used and the nature of the reaction sug- 
gests an allergic background. In many 
instances the history of previous sensitiza- 
tion is not obtained. This need not be 
alarming since the same situation may be 
encountered in serum sickness. The 
allergic or hypersensitivity phenomenon in 
reference to sulfonamide has been cited by 


compared to the Arthus phenomenon. The 
close similarity of vascular changes in- 
duced by sulfonamide therapy and similar 
findings in serum sickness further em- 
phasizes the hypersensitivity phenome- 
non. The use of sulfonamides in small 
doses over long periods of time as prophy- 
lactic measures in certain diseases may yet 
be attended by sensitization complications 
to be noted in the future. 

The other consideration of liver sulfona- 
mide metabolism deals with nephrolith- 


TaBLE 2.—Data or Cases SHOWING CHANGES INCIDENT TO SULFONAMIDE METABOLISM IN LIVER 
Clinical Drug Blood 
Name Sex Age diagnosis used NPN Liver Kidney Remarks 
TP F 30 Meningitis Sulfa- 90 2230 grams, 650 grams, large, Meningitis treated 
dia- congested, edematous bulging cut with sulfadiazine. 
zine |. swollen, speckled surfaces, pelvic hem- Stopped and a few 
; orrhages, congested days later started 
Congestion, again. Moderate 


serous degenera- 
tion, minute 
focal necrosis 
with monocytic 
and polymor- 
phonuclear reac- 
tion 


MB F 31 U.R.I. Sulfa- 150 Large, speck- 
dysuria thia- led 
zole 
Focal necrosis, 
eosinophilic and 
monocytic por- 
tal infiltration 


MS F 51 U. R. I. Sulfa- 140 2300 grams, 


thia- focal hemor- 

zole hagic spots 

and 

sulfa- Focal cellular 

dia- infiltration 

zine of polymorpho- 
nuclears, 


plasma cells 
and monocytes 


Rich,”* French,’ Lichtenstein" and others. 
The frequent occurrence of rash and the 
recurrence of toxic manifestations upon 
repeated administrations of sulfonamide 
drugs would bear this out.'*:° The tissues 
so sensitized include the kidneys, liver, 
skin and blood-vessels particularly. The 
reactions are similar to sensitization pro- 
duced by foreign protein injections.".* 
The morphologic changes in this respect 
are those of rather severe exudative in- , 
flammatory reactions that may well be 


iasis. 


Interstitial inflam- 
matory reaction 
eosinophilic, mono- 
nuclear and poly- 


morphonuclear, tubular 


degeneration, small 
areas of interstitial 
and intratubular calci- 
fication. Fewsulfa 
crystals present 


485 grams, large, 
loose capsule, 
mottled, pyramid 
congestion, cortex 
speckled, pelvic 
hemorrhages 


Marked tubular de- 
generation, crystals, 
eosinophilic cellular 
reaction around 
glomeruli, vasculitis 


590 grams, congestion, 
speckled surface, 
dull gray pyramids, 
pelvic hemorrhages 


Tubular degeneration, 
débris in lumens, 
periglomerular 
cellular infiltra- 
tion, perivasculitis 


Although this 


without 
The drugs undergo 
acetylation in the liver. This process ap- 
parently is not seriously influenced by 
hepatic disease. The degree of acetylation 


morphologic hepatic 
changes but marked 
renal reaction with 
precipitation of 
crystals. Calcifica- 
tions, nephrosis and 
hypersensitivity 
reaction 


Prominent hepatic 
damage produced by 
sulfonamides compli- 
cated by anuria with 
marked tubular de- 
generation of the kid- 
neys. Also vascular 
hypersensitivity reac- 
tion. Decapsulation 
done with promising 
result but death due 
to postoperative hem- 
orrhage and uremia 


Sulfonamide focal 
necrosis of the liver 
complicated by severe 
tubular degeneration 
of the kidney and 
uremia. Hypersensi- 
tivity reaction 


report does not 
primarily deal with mechanical obstructive 
changes, it is necessary to mention the réle 
which the liver plays in the production of 
sulfonamide nephrolithiasis. Renal irrita- 
tion and inflammation may be produced 
by sulfonamide crystals and sulfonamide 
protein combinations 
clogging passages. 


directly 
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and the distribution of the acetylated 
drug in the body varies with the different 
drugs. It is quite high in reference to 
sulfathiazole and is associated with a 
concentration of the drug in kidney tissue 
in excess of that found in the blood,’ 
correlating the observations that sulfa- 
thiazole is the most serious of the drugs in 
this respect. Likewise in states of dehy- 
dration there may be the problem of 
precipitation of the insoluble acetylated 
form. Adequate fluid administration has 
been cited as precluding the formation of 
mechanical renal complications. Like- 
wise the maintenance of an alkaline urine 
in which the sulfonamide conjugate pro- 
ducts are more soluble prevents the 
occurrence of mechanical 
It has also been shown that sulfonamide 
compounds in the urine are more soluble 
in concentrated urine than they are in 
dilute*® suggesting that renal disease as- 
sociated with a low specific gravity may 
be the background for the development of 
mechanical obstruction. The artificial 
production of an increased specific gravity 
of the urine by the administration of urea 
has also been employed with satisfactory 
results.2® In hepatic disease glucuronic 
acid production may be impaired, limiting 
conjugation of glucuronic acid and sul- 
fonamides.?’ The glucuronic acid-sulfona- 
mide combination is a soluble one and a 


high percentage of the drug may be- 


excreted in this form; therefore, in con- 
ditions where this conjugation does not 
take place adequately a proportionate 
amount of the drug would be excreted as 
the less soluble acetylate form. The above 
points dealing with obstructive complica- 
tions are equally applicable to the discus- 
sion of renal injury and inflammation pro- 
duced by sulfonamide crystals in the 
absence of blockade. 

Summary. The hepato-renal relation- 
ship in reference to sulfonamide renal com- 


plications consists of: (a) Toxic injury to 
a previously diseased liver. (6) Hepatic 
protein sulfonamide metabolism leading to 
formation of hapten antigens. (c) Injury 
on the basis of hypersensitivity reactions. 
(d) Formation of relatively insoluble 
acetyl sulfonamide compounds which lead 
to mechanical obstruction or irritation 
resulting in inflammation and (e) impair- 
ment of glucuronic acid sulfonamide con- 
jugation (soluble) accentuating item (d). 

Conclusions. 1. The incidence of hepatic 
disease as a background in renal sulfona- 
mide complications is emphasized by the 
presence of liver damage in 6 cases (37%) 
of the fatal non-obstructive sulfonamide 
nephrosis. Lesser hepatic lesions were 
found in 4 additional cases, 3 of them with 
sulfonamide lithiasis, making a total of 
10 cases (53%). 

2. Morphologic hepatic lesions readily 
distinguishable from the primary disease 
were the only criteria used in reporting 
these cases; the remaining cases of sulfona- 
mide kidney damage are excluded because 
outstanding morphologic changes were 
absent and functional studies of the liver 
incomplete or lacking. 

3. The specific nature of the hepatic 
lesion is not as important as the fact of 
diffuse liver impairment and is not cor- 


related with the seriousness of renal 
injury. 
4. Liver diseases of nutritional de- 


ficiencies (notably portal cirrhosis) increase 
the likelihood of renal complications from 
sulfonamide therapy. Likewise, renal 
complications are more frequent when the 
liver is injured by the administered sul- 
fonamide. 

5. Such findings should caution against 
the unwarranted administration of sul- 
fonamide drugs to patients with chronic 
hepatic disorders and to those manifesting 
hypersensitivity phenomena. 
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In the treatment of human liver dis- 
ease, particularly cirrhosis, a high protein 
diet has been shown to be of therapeutic 
Protein hydrolysates have 
been given intravenously to ill patients 
to replace or supplement the protein which 
the patient was able to take by mouth. 
The question has arisen whether or not 
such hydrolyzed proteins or amino acid 
solutions are normally utilized in an indi- 
vidual with a damaged liver. It may be 
argued that such patients may fail to 
deaminize the injected amino acids as 
rapidly as normal individuals or fail to 
synthesize tissue protein. 

Kitamura,’ using injections of single 
amino acids, found in the normal rabbit 


that the plasma a-amino nitrogen level 


returned to its original level 30 to 60 min- 
utes after injection, but in rabbits whose 
liver had been damaged by carbon tetra- 
chloride or chloroform, the amino nitrogen 
level was still elevated 24 hours after the 


injection. Mann and Bollman"® found in 


dogs deprived of most of their hepatic: 


tissue that intravenous amino acids gave 
only slight elevation of the blood amino 
acid concentration and suggested that 
most of the excess was adsorbed into the 
tissues. 

Goettsch and Lyttle" found retention 
of amino acids after the administration of 


* The expenses of this investigation were defrayed in part by a grant from the Abbott Laboratories, 


North Chicago, Illinois, to Harvard University. 


“amigen”’ to children with liver disease 
and to hypoproteinemic dogs. The reten- 
tion in the latter, they suggested, was due 
to impaired liver function. Stewart and 
Rourke” in contrast found no differences 
in plasma amino acid concentrations or 
amino acid excretions, between patients 
with and without liver disease after the 
administration of “amigen.” Bernhart 
and Schneider' found a diminished toler- 
ance to the administration of 4 gm. of 
tyroxine in the presence of liver disease. 
Fagin and Zinn’? treated a group of 5 pa- 
tients suffering from cirrhosis for 1 month 
with daily injections of 300 cc. of 15% 
protein hydrolysate solution, and noted 
decrease in both liver size and in the 
peripheral edema. They did not study 
blood or urine amino acid concentration. 
It might be expected that if the cirrhotic 
liver failed to metabolize injected amino 
acids properly, one would find an increase 
in the amino acid concentration of the 
blood or a prolonged amino acidemia. A 
reduced rate of urea formation might also 
be expected, resulting in a lower blood 
urea concentration than would be encoun- 
tered in normal individuals. The present 
investigations were designed to compare 
the amino acid metabolism in normal 
individuals and in patients with cirrhosis 
of the liver, by measuring the rate of 
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a-amino nitrogen removal from the periph- 
eral blood and the rate and duration of 
the rise in urea nitrogen in a series of 
normal subjects and in patients suffering 
from severe liver disease. Additional 
studies were made of the nitrogen parti- 
tion of the urine of these 2 groups of 
individuals. Furthermore, in order to 
put the greatest possible load on the liver 
of the subjects studied, the hydrolysate 
given was administered as rapidly as pos- 
sible and in as large doses as possible. 
CiinicaAL MatTertat. The eight pa- 
tients suffering from severe liver disease 
were chosen for study from the wards of 
the Boston City Hospital. The clinical 
diagnosis of all 8 of these patients was 
Laennec’s cirrhosis. Seven of the 8 pa- 


tients gave a history of long-standing - 


alcoholism and all of them had consumed 
diets low in protein and the B complex. 
Table 1 shows the clinical and laboratory 
data on which these diagnoses were based. 
Subsequently, all of these patients died 
of their disease or associated disturbances 
and anatomic diagnoses are given when- 
ever possible. 

As normal controls, 5 well-nourished 
hospital patients without evidence of liver 
disease were studied. The diagnoses in 
these cases were: primary syphilis, 2; 
renal colic, 1; old cerebrovascular accident, 
1; convalescent rheumatic fever, 1. Treat- 
ment had been completed on these patients 
and they were ready for discharge at the 
time of study. 

Table 2 shows the laboratory findings in 
these 5 “normal” patients. None of these 
patients had an enlarged liver, palpable 
spleen, ascites, edema, spider angiomata 
or jaundice. 


Material and Methods. The test dose of 
amino acids consisted of 300 cc. of a 15% 
acid hydrolysate of casein* fortified with 
tryptophane, diluted to 500 cc. with 0.85% 
sodium chloride solution. This material on 
analysis in our laboratory was found to con- 
tain 2.1 gm. of nitrogen in 100 cc., of which 
about 75% was a-amino nitrogen or 4.7 gm. 
of a-amino nitrogen in the amount used. 


The test dose was injected intravenously, 
usually in exactly 1 hour, to the fasting sub- 
jects. Occasionally, due to distressing symp- 
toms, it was necessary to take a few minutes 
longer for the injection. 

In the first few tests made, blood samples 
were taken prior to the injection, when half 
the amino acids had been administered, at 
the end of the injection, and 1 and 4 hours 
thereafter, and were analyzed for content of 
non-protein nitrogen, urea nitrogen and 
a-amino nitrogen. It was soon found that 
the determinations during and at the end of 
the injection period were directly dependent 
on the rate of infusion, and these were dis- 
continued. In the later tests, blood sam- 
ples were collected before, and 1 hour and 
4 hours after the infusion. Separate sam- 
ples of urine were obtained when possible 
at the end of the infusion period, 4 hours 
following the infusion and then for the fol- 
lowing 19 hours; and were analyzed sepa- 
rately for the total content of nitrogen, urea 
nitrogen and a-amino nitrogen. 

On the initial blood of each patient the 
following additional determinations were 
performed—total protein and albumin globu- 
lin fractionation,* prothrombin time,” serum 
bilirubin,” complete blood count and cepha- 
lin-cholesterol flocculation.6 During the 1st 
few days after admission, a determination 
was made of the percentage of bromsulfalein 
excreted 45 minutes after the administration 
of 5 mg. per kilogram of body weight. 

The a-amino nitrogen was determined by 
the gasometric ninhydrin carbon dioxide 
method of Van Slyke;*.!8 non-protein nitro- 
gen by Folin’s micro-Kjeldahl method with 
direct nesslerization,* urea nitrogen by the 
urease method of Folin’ with distillation 
and nesslerization. Albumin globulin sepa- 
ration was made by the Howe method’ and 
albumin and total plasma proteins were 
determined by modification of the micro- 
Kjeldahl method of Keys.® 


Results. Table 3 shows the blood bio- 
chemical findings in both the normal sub- 
jects and patients with cirrhosis. The 
mean normal fasting value for plasma 
a-amino nitrogen in this laboratory is 
3.73 mg. per 100 cc., with a standard devia- 
tion of 0.29, giving a “normal” range of 
2.86 to 4.60 mg. per 100 cc., using 3 times 


* Parenamine—supplied through the kindness of Frederick Stearns Co., Detroit, Mich. 
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the standard deviation to minimize varia- 
tion due to chance alone. In the subjects 
studied the fasting or initial. a-amino 
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the cirrhotic group being slightly higher 
than that of the normal group. By 4 
hours after the infusion the mean value 


nitrogen level was within the normal 
range with one exception. This exception 
was a patient with cirrhosis whose initial 


for the normal group was within the nor- 
mal range but still slightly above the 
pre-infusion levels. Only 2 of the cirrhotic 


TABLE 3.—CHANGES IN PLASMA NON-PROTEIN, UREA AND a-AMINO NITROGEN FOLLOWING 
INTRAVENOUS INJECTION oF 300 Cc. 15% Protein SOLUTION 


Non-protein nitrogen Urea nitrogen a-Amino nitrogen 


(mg./100 ce.) (mg./100 ec.) (mg./100 ec.) 
After injection After injection " After injection 
atient injection 1 hr. 4 hr. injection 1 hr 4 hr injection 1 hr. 4 hr. 
CrrrHosis 
E B. 18.1 25.2 20.0 9.5 11.4 13.0 3.59 11.85 5.51 
J.S8. 34.0 38.4 37.2 18.0 17.9 19.0 4.10 7.41 6.16 
R. M. 20.2 25.5 = 9.0 11.9 17.2 4.26 6.52 6.10 
F. M. 20.0 30.8 22.4 8.6 9.1 13.1 2.68 6.51 3.39 
T. McC. 41.2 46.8 42.4 25.7 28.4 29.3 3.78 7.70 5.15 
E. C. 18.1 19.4 18.6 10.8 9.7 7.9 3.61 7.71 6.00 
P. D. 27.6 36.0 29.2 16.4 19.5 19.7 4.21 12.61 8.18 
Cc. 8. 30.4 32.8 30.0 15.0 16.3 16.3 3.64 6.31 3.7 
Mean 26.2 31.9 28.5 14.1 15.5 16.9 3.73 8.33 5.53 
NorMAL 
C2 27.0 35.0 38.2 13.67 14.3 18.5 3.45 9.58 4.22 
J. 3. 23.6 30.8 25.1 13.0 15.7 15.8 4.52 7.21 4.57 
I. D. 20.8 26.0 27.2 10.5 14.3 15.2 4.09 4.99 4.27 
G. A. 27.6 33.6 26.0 13.4 19.1 17.4 3.64 7.12 4.90 
A.M. 21.7 25.3 23.1 9.5 13.2 13.6 4.13 8.66 4.44 
Mean 24.1 30.1 27.9 11.6 15.3 16.1 3.97 7.51 4.48 
TABLE 4.—CHANGES IN URINE ToTaL, UREA AND a-AMINO NITROGEN FoLLowi1nG INTRAVENOUS 
InsEcTION OF 300 Cc. oF 15% Protein SoLutTion 
Total nitrogen (gm.) Urea nitrogen (gm.) a-Amino nitrogen (gm.) 
= +5 2 % of injected 
5 5.8 3.4 3 3.5 54 5 5.8 sa and 4 hrs. after 
P atient Q Q a) Q QA Q Q Q Q infusion 
CIRRHOSIS 
R. M. 1.52 1.93 9.60 0.92 1.29 7.20 0.230 0.190 0.190 9.0 
T. McC, 1.46* 6.35 1.08* 4.50 0.066* 0.121 1.4 
E. C. 0.48 0.77 4.02 0.27 0.57 3.50 0.106 0.138 0.092 5.2 
tS 0.95 0.54 0.166 
C. 8. 1.30 2.23 0.84 1.20 0.067 0.100 =e 3.6 
NorMAL 
Cc. D. 0.97 0.83 oa 0.54 0.54 be 0.172 0.104 oi 5.9 
mS 0.60 3.53 7.81 0.32 2.10 5.47 0.043 0.268 0.097 6.6 
L. BD. 4.95 4.04 8.36 4.15 2.77 5.33 0.222 0.085 0.116 6.6 
G. A. 1.00 0.64 8.32 0.82 0.43 6.63 0.014 0.010 0.437 0.5 
A. M. 0.44 2.01 5.00 0.38 1.28 3.20 0.048 0.025 0.013 1.6 


* Pooled specimens during infusion and 4 hours after infusion. 


level was slightly below normal. In the group had returned to normal. The mean 


few analyses made during and at the end 
of the infusion, the a-amino nitrogen 
values varied from 10 to 13 mg. per 100 ce. 
of plasma. One hour after completion of 
the infusion all of the plasma a-amino ni- 
trogen values were elevated, the mean of 


value for the cirrhotic group was 5.53 mg. 
per 100 cc. which is significantly above 
our normal range. 

The data in Table 3 show that the 
plasma urea nitrogen in most instances, 
in both the “normal” controls and the 
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cirrhotic patients, rose slightly, reaching 
the highest observed levels 4 hours after 
the infusion. 

Analyses for total nitrogen, urea nitro- 
gen and a-amino nitrogen were made in 
urine samples, and the results are pre- 
sented in Table 4. In several instances 
in which it was impossible to be sure of 
complete collections the data has not been 
presented so that the data on only 5 of 
the cirrhotic patients are included. The 
variation between individuals is so large 
that no significant difference in excretion 
of either urea or a-amino nitrogen was 
observed between the normal individuals 
and patients with cirrhosis following the 
injection of 4.66 gm. of a-amino nitrogen. 

A few patients complained of a burning 
sensation and flushing early in the infu- 
sion, but this did not last for more than a 
few minutes. Nausea and vomiting were 
frequent late in the infusion and could be 
stopped by slowing or momentarily stop- 
ping the injection. In 2 patients it was 
observed that these symptoms developed 
when the infusion was run in more rapidly 
than 8 cc. or 9 mg. of nitrogen per minute. 
Incidentally it was noted that patients 
who had recently received heavy sedation 
showed less nausea and vomiting. 

Discussion. The object of these investi- 
gations was to determine tolerance to, and, 
if possible, the fate of injected amino 


acids in patients suffering from severe 


liver disease. Clinically, there was no 
difference in tolerance for injected amino 
acid between the normal and cirrhotic 
groups. 

Biochemically the data indicate that 
probably there was a slower rise of the 
mean plasma urea concentration and 
possibly a slightly elevated mean plasma 
a-amino nitrogen level 4 hours after the 
infusion of the protein hydrolysate in the 
cirrhotic group as compared to the normal. 
However, there is considerable individual 
variation in the cirrhotic group and 2 of 
the patients showed as marked a rate of 
urea formation as obtained in the normal 
controls. There is no evidence that 
amino acids are not metabolized by the 
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cirrhotic individual as well as by the nor- 
mal individual in the amount and at the 
rate which were used in this presentation. 
The only safe conclusion from this study 
may lie in the statement that there is pos- 
sibly a slight diminution in the rate of 
amino acid disappearance from the circu- 
lating blood and slight decrease in urea 
formation. 

The experiments of Kitamura et al.° 
cannot be compared with the results m 
our cases since the damage done to the 
liver by chloroforin in rabbits is probably, 
so far as biochemical studies indicate, 
much more severe than in cirrhosis. Pre- 
vious attempts to use orally administered 
protein and its hydrolytic products in man 
as a means of measuring liver function 
by increased accumulation of unmetab- 
olized a-amino nitrogen in the plasma, or 
by decreased urea formation, have not 
met with success. In the small series of 
vases reported here, the intravenous ad- 
ministration of 4.66 gm. of a-amino nitro- 
gen does not indicate any marked impair- 
ment of the cirrhotic liver to metabolize 
a-amino nitrogen, as demonstrated by the 
same criteria as used for the oral liver 
function tests mentioned previously. The 
present studies do indicate the necessity 
for further study of this problem using 
either mixtures of synthetic amino acids 
or suitable hydrolysates which may be 
administered in much larger amounts and 
in shorter periods of time. 

Incidentally, it was learned that in the 
normal patient approximately 5 hours are 
needed to remove from the blood the 
excess a-amino nitrogen added by the in- 
jection of protein hydrolysate containing 
4.66 gm. of a-amino nitrogen. 

Conclusions. 1. Three hundred cc. of 
15% protein hydrolysate containing 75% 
of a-amino nitrogen was given by rapid 
intravenous infusion to 8 patients with 
cirrhosis of the liver and to 5 “normal”’ 
patients. 

2. Clinically both groups showed some 
intolerance to the rapid infusion, exhibit- 
ing flushing, nausea or vomiting. 
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3. Plasma non-protein, urea and a- 
amino nitrogen were determined initially 
and 1 and 4 hours after the infusion. All 
patients showed elevation of the a-amino 
nitrogen values 1 hour after the infusion 
but by 4 hours after the infusion the group 
without liver disease had returned to nor- 
mal levels in contrast to the group with 
cirrhosis of the liver which still exhibited 
some elevation in the a-amino nitrogen 
values. The urea nitrogen, while subject 
to great individual variations, rose more 
slowly and to a lesser degree in the cir- 
rhotic group. There is, therefore, a pos- 


sibility that there is a slight reduction in 
the rate of metabolism of the amino. acid 
administered. 

4. Few important data were obtained 
from biochemical studies of the urine, 
except to demonstrate that relatively small 
amounts of a-amino nitrogen are excreted 
following rapid injection of the material. 

5. In the amounts used and at the rate 
administered in this study, the injection 
of amino acids does not offer a good method 
of determining liver impairment even in 
the presence of advanced liver cirrhosis. 
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StupiEs of the urinary elimination of 
3,3-diethyl-2,4-dioxotetrahydropyridine, a 
sedative-hypnotic, have been carried out 
in dogs,’ * cats, rabbits and mice*® by other 
investigators. Following the recent de- 
velopment of a new fluorometric method 
for the determination of the drug in urine,” 
a study of the renal excretion in man was 
undertaken as a collateral project of the 
clinical evaluation of the drug in psychi- 
atric conditions.® The object of the present 
investigation was to obtain information 
on the excretion of 3,3-diethyl-2,4-dioxo- 
tetrahydropyridine, during and after a 
prolonged course of daily medication, as 


compared with the elimination following 


a single dose. 

Case Material and Procedure. Ten 
psychiatric cases, five males. and five 
females, ranging in age from 20 to 41 
years, were studied. These patients, who 
did not require sedative-hypnotic medica- 
tion, were to have received 0.6 gm. of the 
drugf every night for a period of four 
weeks. However, medication had to be 
omitted on some days in several instances, 
and in one uncodperative patient (Case 
No. 109), it became necessary to discon- 
tinue the administration of the drug after 


* Present address: 
Madison, Wisconsin. 


two weeks. Had the patients received 
medication according to plan, the total 
intake of each person would have been 
16.8 gm. Table 1 shows the quantities 

actually ingested. 

TaBLE 1.—Tortat Dose or NU-903 INGESTED BY 
Ten PsycHIATRIC PATIENTS WITHIN 28 Days. 


Total dose 


Case administered, 
No. gm. 
101 15.6 
102 16.8 
103 16.8 
104 . 13.2 
105 . 16.8 
106 . 12.6 
107 . 13.2 
108 . 16.8 
109 . 6.0 
110. 16.8 


In order to determine the amounts of 
NU-903 excreted, daily collection of 
24-hour urine specimens was instituted 
1-13 days after the initial dose. How- 
ever, in the majority of cases some void- 
ings had to be discarded because of in- 
completeness of collection, and the study 
of the urines of patient No. 105 was 
abandoned altogether when it became 
obvious that she could not be trained to 
collect her specimens. In the remaining 
9 patients collection was continued for 


McArdle Memorial Laboratory for Cancer Research, Univ. of Wisconsin, 


+ Hoffmann-La Roche, Inc., of Nutley, N. J., supplied 3,3-diethyl-2,4-dioxotetrahydropyridine in 
form of tablets of 0.2 gm. under the designation of NU-903. 0.2-0.4 gm. having been found to be 
effective in inducing sleep in cases of mild and medium insomnia, the daily amounts administered to the 
10 subjects reported here are in excess of the average adult dose. 
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at least 4 days after the last dose of 
NU-903. 

Amber bottles, containing 20 ml. of 3.5N 
H.SO, were used for pooling the daily 
voidings of each subject. In carrying out 
the estimations of the urinary excretion of 
NU-903 in all the specimens thus ob- 
tained, the method described by Hirsch- 
berg et al.2 was used. This technique is 
based on the measurement of the compara- 
tive fluorescence of urines, at suitable 
dilutions, in the absence and presence of 
hydroxylamine. The difference in in- 
tensity between total fluorescence (with- 
out hydroxylamine treatment) and resid- 
ual fluorescence (with hydroxylamine 
treatment) yields a measure of the con- 
centration of NU-903 in urine. 


from 24.2-64 mg. It can be furthermore 
seen from the same table that by express- 
ing the average amounts of NU-903 
excreted in mg./1000 ml. urine, rather than 
in mg./day, this range is restricted to 
from 24.7-38.4 mg. Thus the average 
amounts of the drug excreted per 1000 ml. 
urine by the individual subjects are in 
closer agreement than those calculated 
on a per diem basis. Similarly, the stand- 
ard deviations are significantly smaller 
when all values are calculated on the 
basis of mg./1000 ml. It seems as though 
the average amount of NU-903 excreted 
is related to some extent to the average 
volume of the voidings. 

Figure 1 portrays the experimental pro- 
cedure and the results obtained in case 


TABLE 2.—Urinary Excretion oF NU~-903 ror 9 PsycHIaTRIC PATIENTS DURING PROLONGED CoURSE 
oF Mepication (0.6 Gm. Dose; Rance or Totat INTAKE 6-16.8 Gm.). 


No. of Average volume 

Case urine Average excretion of urine in Average excretion of 
No. specimens of NU-903 in mg./day ml./day NU-903 in mg./1000 ml. 
© ~r mae 19 54.0 = 26.4 14€0 37.2+S8.D. 8.4 
102 . 21 37.4 + §.D. 12.5 1200 31.4+68.D. 7.4 
103 15 24.9 = §.D. 13.6 640 38.4+5.D. 9.6 
104 Be 8 46.2=+S58.D. 7.4 1320 35.4 + 8.D. 6.8 
106 Be 8 43.4+S5.D. 8.2 1300 35.0 + 7.8 
107 9 24.2 + §.D. 11.9 810 290+85.D. 7.3 
108 11 29.8 §.D. 13.1 £00 36.6 = 8.4 
109 8 64.0 += §.D. 15.6 1700 38.1 +§.D. 6.5 
110 11 31.1 + §.D. 19.9 1210 24.7 = §.D. 11.6 
Mean value 23.3 39.4 + 14.3 1160 34.0+8.D. 8.2 

After a rest period of two months with- No. 102. This particular patient was 


out medication, a single dose of 0.6 gm. 
of NU-903 was administered to 6 of the 
10 subjects (Case Nos. 101, 102, 104, 106, 
108 and 109). Again 24-hour urine speci- 
mens were collected for 4 days after the 
intake of the drug and the excretion values 
of NU-903 determined. In addition, a 
similar number of urine specimens were 
assayed of two normal, self-controlled 
persons (chemists) who had taken a single 
dose of 0.6 gm. of the drug. 

Findings and Interpretation. Lzcre- 
tion of NU-903 during and after a prolonged 
course of daily medication. As appears 
from Table 2, the average amounts of 
NU-903 excreted per day by the individual 
patients receiving a daily dose of 0.6 gm. 
over a prolonged period of time ranged 


chosen for the graphical presentation of the 
representative findings because she was 
distinguished by excellent coéperation: 
Thus never during the 4-week period of 
daily administration of NU-903 she 
omit taking a dose; moreover, she fur- 
nished the greatest number of urine speci- 
mens obtained from any of the subjects. 
As can be seen from Figure 1, the daily 
excretion values of NU-903 varied con- 
siderably, ranging in this case from 17.6- 
69.2 mg. The validity of the inference, 
drawn from the composite Table 2, namely 
that the average amount of NU-903 
excreted by a given person is related to 
the average volume of the voidings, is 
borne out by the daily excretion findings 
for patient No. 102, The peak of elimina- 
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tion occurring on the 18th day of the 
experiment coincides with the largest 
volume (1730 ml.) cf any of the 24-hour 
urine specimens of this patient. On the 
other hand, the minimum amount of 
NU-903 excreted is correlated with a 
urinary volume (720 ml.) which is seconc 
to the smallest collected by her in an 
24-hour period. Of particular interest 
are the excretion findings on the days 
following the last dose of NU-903, 7. e., 
in case No. 102 after a total intake of 16.8 
gm. As appears from Figure 1, the excre- 
tion level decreased promptly following dis- 
continuation of the drug and after 3-4 
days only negligible quantities of NU-903, 
if any, were detectable in the urine. The 
pertinent findings in the other 8 cases were 
quite similar, as evidenced by the figures 
recorded for 5 of these, together with the 
data for case No. 102, in the left hand 
section of Table 3. 
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range from 33-73 mg. (5.5-12.7% of the 
single dose). Furthermore, it appears 
that the mean total excretion of these 6 
patients is 61 mg. (10% of the single dose) 
and that the mean value of excretion on 
the first day (33 mg.) amounts to 55% of 
the mean value of the total quantities 
eliminated. The mean values of the 
amounts excreted during the second, third 
and fourth 24-hour period of collection 
represent 26, 11, and 8% respectively of 
the total excretion. In general, this 
pattern of elimination resembles that after 
the prolonged course, but the mean total 
excretion after the terminal dose of the 
latter is somewhat higher, namely 76 mg. 
Interestingly enough the mean values of 
excretion on the respective second, third, 
and fourth days after the prolonged course 
on the one hand and following the single 
dose on the other, are almost identical, 
with the higher excretion value on the first 
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Fic. 1.—Urinary excretion of NU-—903 for patient No. 102 receiving a daily dose of 0.6 gm. for 28 


consecutive days and, after a rest period of two months, a single dose of 0.6 gm. 


The initial estimation 


of NU-903 was performed after patient had taken six doses and with the exception of two days, indicated 
by broken lines, urinary assays were carried out daily until 8 days following discontinuation of medica- 


tion. 
arrows represent the daily doses of NU-903. 


Excretion of NU-903 Following a Single 
Dose. The excretion data of the 6 patients 
receiving a single dose of 0.6 gm. following 
a medication-free interval of 2 months, 
are recorded in Table 3, to the right of the 
dividing line. It can be seen that the 
quantities of NU-903 excreted by the 
individual subjects on the first day range 
from 15-57 mg. (2.5-9.5% of the single 
dose) and that their total excretion values 


The excretion findings after the single dose are given to the right of the dividing line. 


The 


day accounting for the greater total elim- 
ination after the 28-day course. Un- 
doubtedly, the amounts excreted by the 
individual patients during these first 24 
hours are composed of a major portion 
originating from the last dose and a smaller 
portion from the preceding one. Ob- 
viously, there can be no such additive ex- 
cretion after a single dose. Notwithstand- 
ing the somewhat higher excretion follow- 
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ing the prolonged administration, these voidings on the first day contained the 
findings indicate that no accumulation of greatest portions of the drug excreted over 
the drug occurs even if given daily in a 4-day period. The total quantities of 
comparatively large doses over a period of _NU-903 eliminated were 31 mg. and 39.1 
4 weeks. This is entirely in keeping with mg. (5.2% and 6.5% of the dose given). 
the clinical results’ which are character- These values are in agreement with the 
ized by a negligible percentage of after- lowest of the excretion figures recorded for 
effects. Particularly the absence of hang- the psychiatric patients. In general the 
TaBLeE 3.—Urinary Excretion oF NU-903 For Srx Psycuiatric PATIENTS AFTER Last DosE oF 


PROLONGED Course oF (0.6 Gm. PER Dose; Rance oF ToTAL 
INTAKE 6-16.8 GM.) AND AFTER ‘SINGLE Dose oF 0.6 Gm. 


(Brackets indicate that total excretior values include individual findings of first, second, and fourth 
days only because of incompleteness of specimens collected on third day. Note close agreement be- 
tween mean value of excretion on first day following last dose of prolonged course and mean value 
of composite average excretions per day during prolonged course.) 


Average excretion of Excretion of NU-903 in mg. after Excretion of NU-903 in mg. after 
. NU-903 in mg./day last dose of prolonged course single dose 

No Ist day 2dday 3dday 4thday Total Istday 2dday 3dday 4thday Total 
101 BO nis tbe 54 49 36 11 5 101 27 20 5 i) 61 
102 sda 37 36 10 6 4 56 57 7 6 3 73 
104 gee ts 46 50 1l 4 3 68 15 11 4 3 33 
106 a a 43 42 1l om 3 (56) 33 19 6 5 63 
108 ty Se 30 36 16 9 5 66 31 15 10 6 62 
109 F 64 86 20 4 (110) 33 25 10 8 76 
Mean value. 46 50 17 8 4 76 33 16 7 5 61 


% NU 903 RECOVERED 


DAYS 


Fic. 2.—Urinary excretion of NU-903 for two normal adults receiving each a single dose of 0.6 gm. 
Kstimations were carried out on two days prior to the administration of the drug (indicated by arrow) 
and four and five days respectively thereafter. : 


over and drowsiness on awakening, so _ course of excretion after a single dose was 
frequently encountered with other hyp- the same in all the eight subjects studied. 


notics, may be explained by the rapid An excretion of only 5.2-12.7% is sug- 
elimination of NU-903 and by the fact gestive of the possibility that a portion of 
that no accumulation occurs. the ingested dose is excreted in some 


Figure 2 indicates the daily urinary conjugated form! not susceptible to direct 
excretion findings for the two normal self- assay. However, attempts to increase the 
controlled adults who took a single dose amount of fluorescent material by acid 
of 0.6 gm. of NU-903. As can be seen, the or alkaline hydrolysis were unsuccessful. 
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Unpublished experiments conducted in 
these laboratories and elsewhere’ have 
shown that NU-903 is fairly susceptible 
to alkaline oxidation resulting in breaking 
of the pyridine ring. It is probable that 
the major portion of the drug undergoes 
oxidation in vivo. 

Summary. The urinary excretion of 
3,3-diethyl-2,4-dioxotetrahydropyridine, a 
sedative-hypnotic designated NU-903, was 
studied in 9 psychiatric patients during 
and after a prolonged course of medication 
(0.6 gm. per dose with the total intake 
ranging from 6—16.8 gm.) and in 6 of these 
following a single dose of 0.6 gm. In ad- 
dition the renal elimination of the drug 
was studied in two normal adults after 
the intake of 0.6. gm. 

The average amounts of NU-903 ex- 
creted per day during the prolonged 
course were found to vary greatly from 
patient to patient and in a given subject 
the quantities eliminated within 24 hours 
varied from day to day. If the renal 
excretion was expressed in mg./1000 ml., 


these differences were rendered appre- 
ciably smaller. It appears that the 
quantities of NU-903 eliminated are 


related to the volume of the voidings. 
The mean value of the average daily 


excretions during the continued admin- 
istration was 6.6% of the individual dose. 

Daily excretion studies after the last 
dose of the prolonged course showed that 
the level of elimination decreased rapidly 
following discontinuation of the drug. 
The mean value of the total amounts 
excreted by six patients on the four days 
after the last dose was 76 mg. More than 
65 % of this amount was eliminated on the 
first day. 

The results following a single dose of 
0.6 gm. were quite similar. Under these 
experimental conditions too, the excretion 
level dropped promptly and the mean 
value of the total amounts eliminated over 
four days was 61 mg. The excretion data 
in the two normal adults resembled those 
in the psychiatric patients. The rate of 
elimination in the 8 subjects receiving a 
single dose of 0.6 gm. ranged from 5.2- 
12.7 % of the ingested amount. 

The somewhat greater total excretion of 
NU-903 after the last dose of the pro- 
longed course is due to a higher urinary 
level on the first day after cessation of 
medication. The findings indicate that 
no accumulation of the drug occurs even 
if it is given in large doses over a period 
of four weeks. 
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GASTRIC SECRETORY RESPONSE IN HYPOGLYCEMIA AS PRODUCED 
DURING INSULIN SHOCK THERAPY 


By H. Hines, M.D. 


ASSOCIATE IN INTERNAL MECICINE 
WHEELING, WEST VIRGINIA 


(From the Department of Internal Medicine, Wheeling Clinic) 


THE purpose of this report is to empha- 
size that insulin shock therapy. as em- 
ployed in the treatment of mental disease 
may cause serious side effects. This 
study, made at the Western Pennsylvania 
State Psychiatric Institute, reveals the 
increase in gastric acidity in patients with 
schizophrenia when given insulin shock 
therapy. 

Review or LITERATURE. Gastric secre- 
tions are known to be modified by reflex 
nervous stimuli. By feeding dogs through 
gastric fistule, the gastric secretions are 
smaller in volume and are of lower acid 
and peptic power than when food is fed 
by mouth (Babkin'). When the gusta- 
tory nerves are stimulated, reflexes are 
mediated via the vagus nerves to the 
stomach to cause a secretory response. 
Pavlov (cited by Babkin?) showed that 
following double vagotomies in dogs sham 
feedings produced only a small volume of 
neutral or slightly acid mucus with no 
peptic power. Thornton, Storer and 
Dragstedt'* reported the same findings in 
man. Ten patients given sham feedings 
showed an increase in both the volume and 
acidity of the gastric secretions. After 
bilateral vagotomies in these patients no 
secretory response was noted. 

The positive influence of the vagus 
nerves upon the stomach was well shown 
by Vineberg* working in Babkin’s labora- 
tory. By exposing the vagi in the neck 
of a dog and stimulating them directly 
with electrical currents, he showed that 
weak stimuli produced an alkaline or 
slightly acid gastric secretion, while strong 
stimuli produced a large volume of highly 
acid juice with strong digestive power. 
Stimulation of the vagi by means of drugs 


will produce the same results. Flexner 
and Wright'® used acetyl-beta-methyl- 
choline (Mecholyl), a parasympathomi- 
metic drug, and found that an increase 
in gastric acidity resulted. The effects of 
indirect vagal stimulation through the 
parasympathetic center in the brain have 
been proven. Hypoglycemia in dogs fol- 
lowing administration of large doses of 
insulin causes a marked increase in vol- 
ume, acidity and digestive power of their 
gastric juice (LaBarre and de Cespedes,” 
Babkin®). Reéstablishment of normal 
blood sugar levels in these dogs will result 
in a return of the gastric secretions to 
normal values (LaBarre and de Cespedes"*). 

The relative ease of the production of 
insulin hypoglycemia and the constancy 
of its action in the stomach has prompted 
Babkin® to recommend the use of insulin 
as a test of the functional ability of the 
gastric mucosa. This same property of 
insulin is made use of following gastric 
neurectomies (vagotomies) in the treat- 
ment of peptic ulcer in man. If, after 
operation, large doses of insulin fail to 
cause an increase in the gastric acidity, 
it is considered that all the nerve fibers 
have been severed (Thornton, Storer and 
Dragstedt!*). Vanzant!® reported a 23 
year follow-up on 4 dogs after vagotomy 
and, by the renewed gastric response to 
insulin hypoglycemia, concluded that the 
vagus nerves were again transmitting im- 
pulses to the stomach. 

The effect of the vagi upon the stomach 
can be effectively eliminated by physio- 
logic doses of atropine. It has been shown 
in dogs that the gastric secretions excited 
by insulin hypoglycemia can be completely 
stopped by full doses of atropine (Babkin,* 
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LaBarre and de Cespedes"). Peterson 
and Peterson'® employed dibutoline, a 
derivative of carbaminoylcholine possess- 
ing atropine-like qualities, and completely 
abolished the gastric hyperacidity secon- 
dary to insulin hypoglycemia in human 
subjects. In conditions associated with 
hyperglycemia it might be expected, then, 
that the gastric juices are of low acidity 
and peptic power. That this is so is sug- 
gested by the low incidence of peptic ulcer 
among patients with diabetes mellitus as 
reported by Jankelson and Rudy," Bowen 
and Aaron,® and Rothenberg and Teicher." 

The parasympathetic and sympathetic 
nervous systems of the body are reciprocal 
in function. When one of these nervous 
systems is blocked or overly stimulated 
the normal balance is upset. Illustrative 
of this is a patient reported by Blegen 
and Kintner.’? Following a dorsolumbar 
sympathectomy for hypertension, his pre- 
existing gastric ulcer became active. The 
release of the sympathetic control allowed 
the parasympathetic (vagus) to stimulate 
the gastric glands unchecked. Interrup- 
tion of both these nervous pathways in 
the same individual will have a neutra- 
lizing effect in those organs supplied by 
them. Weeks, Ryan and Van Hoy”? re- 
ported a case of hypertension and peptic 
ulcer in which a combined dorsolumbar 
sympathectomy and vagotomy was per- 
formed. The benefits to be expected by 
release of vagus control of the stomach 
were nullified by the removal of the sym- 
pathetic influence, as the patient finally 
had a perforation of the ulcer. 


Method of Study. For the purpose of this 
study 5 patients with schizophrenia, to whom 
insulin shock therapy was being given, were 
selected. A fasting blood sugar and gastric 
analysis was done on each and was repeated 
at } hour intervals until the conclusion of 
the shock period. There were 4 females and 
1 male, ranging in age from 20 to 37 years. 
Unfortunately, a fractional gastric study 
had been made on only 1 patient prior to 
treatment. Three of the patients had had 
glucose tolerance tests before treatment, and 
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1 had had no pertinent laboratory studies. 
In obtaining the gastric samples a Levine 
tube was passed by the nasal route and was 
allowed to remain in place during the test. 
Blood sugar estimations were done using 
the micro-sugar technique of Folin-Wu, 
modified by Fiorentino and Giannettasio,° 
and were read in a photoelectric colorimeter. 

Sweating and irritability of varying de- 
grees were taken as evidence of insulin shock 
and were noted in all the patients. How- 
ever, true coma with loss of contact to 
such stimuli as calling the patient by name 
and shaking his shoulders was not always 
achieved. This was particularly so when 
the smaller insulin dosages were used. Regu- 
lar insulin was used in all the cases. 


Report of Cases. Case 1 (Fig. 1). A. M., 
a white female, age 36, with hebephrenic 
schizophrenia. At the time of beginning 
treatment she weighed 190 pounds and had 
a fasting blood sugar of 125 mg. %. Insulin 
therapy had been begun 34 months before 
this study was made, so that at the time of 
observation the daily dose of insulin was 
450 units. The results of the tests are shown 
graphically in. Figure 1. It will be noted 
that the gastric acidity exceeded the normal 
values on only 2 occasions. However, in 
each case as the blood sugar values de- 
creased, the gastric acidity increased. With 
the blood sugar blood was noted grossly or 
chemically in all the gastric samples except 
those collected during the last day of observa- 
tion. On this day the insulin dosage had 
been reduced and the patient was suffering 
from a mild upper respiratory infection. 
Nausea and vomiting after termination of 
shock was a daily feature in this patient. 
With this history and the finding of blood 
in the gastric contents a fluoroscopic exam- 
ination of the upper gastro-intestinal tract 
was done but no evidence of ulcer could be 
determined. It was believed that she had 
a hemorrhagic gastritis due to the increased 
gastric acidity. 

Cask 2 (Fig. 2). N.J., a 23 year old white 
female with simple schizophrenia. At the 
time of institution of treatment she weighed 
110 pounds, and had a fasting blood sugar 
of 74 mg. % and a slightly increased glucose 
tolerance. In each instance as the blood 
sugars fell the gastric acidity increased, 
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There were no complaints referable to the 
gastro-intestinal system. 

Case 3 (Fig. 3). J. M., a 20 year old 
white male with catatonic schizophrenia 
weighed 145 pounds. Insulin therapy had 
been started 4 days prior to the first test. 
He had had a fasting blood sugar of 100 mg. 
“% before treatment and a gastric analysis 
which showed 18 degrees free and 16 degrees 
combined acid in the fasting state, increas- 
ing to 40 degrees free and 8 degrees com- 
bined 3 hours after the alcohol test meal. 


Despite the fact that the blood sugar 
values never reached extremely low levels 
and coma was not attained, the gastric 
acidity increased sharply as the blood sugar 
levels fell. As suggested by Kepler and 
Moersch,” it would: seem that the vagal 
stimulation resulted more from a rapid 
decline in blood sugar than from its actual 
value at any one time. The gastric samples 
in the last 2 tests contained blood in all but 
the fasting specimens. There were no 
symptoms of nausea or vomiting at any 
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Fig. 2.—Case 2, N. J. 
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time. No gastro-intestinal Roentgen rays 
were made. 

Case 4 (Fig. 4). B.L., a 21 year old white 
female with catatonic schizophrenia weighed 
138 pounds. Glucose tolerance tests prior 
to insulin therapy showed fasting levels from 
103 to 119 mg. % with return to fasting levels 
in 3 hours. The stage of coma was reached 
in each test in from 2 to 2} hours. A con- 
stant and pronounced gastric response fol- 
lowed the drop in blood sugar values. The 
free HCl rose to the neighborhood of 100 de- 
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grees in practically every trial. No symp- 
toms of gastric irritation were noted. 

Case 5 (Fig. 5). G. M., a 37 year old 
white female with paranoid schizophrenia 
had had 2 previous courses of insulin therapy. 
Decided improvement in her condition was 
noted following each, but she would relapse 
after several months. At the time of begin- 
ning the last course on insulin she weighed 
136 pounds. Insulin had been started ap- 
proximately 2 months before this study was 
made. Although the actual degree of eleva- 
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tion of gastric acidity was not constant in 
each test, a definite trend of increase in both 
free and combined acid was seen as the 
blood sugars declined. The unstable emo- 
tional status of the patient is reflected in the 
fluctuating values recorded on 2 occasions. 
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effort to avoid such a complication it is 
suggested that thorough gastro-intestinal 
studies be made on each patient before 
beginning insulin therapy. Those patients 
in whom the suspicion or diagnosis of ulcer 
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Fic. 5.—Case 5, G.M. 


A possible explanation of the high values 
for fasting blood sugars noted in each of 
the cases may lie in the fact that 3 patients 
were given insulin shock daily, except 
Sunday; and were fed very high carbohy- 
drate beverages each day to terminate the 
shock. 

Comment. The cases illustrate the 
effect of hypoglycemia upon gastric secre- 
tion. It was shown that when the blood 
sugar values were decreased the acid con- 
tent of the gastric juice increased. The 
vagus nerves have been shown to be con- 
cerned in the mediation of such stimuli. 

Gastric hyperacidity is believed to be 
one of the contributory factors in the pro- 
duction of peptic ulcer. Mental patients 
given insulin shock treatments over long 
periods of time have at the same time a 
high degree of gastric acidity and are, 
therefore, made more liable to the develop- 
ment of gastric or duodenal ulcer. In an 


exists should be protected against the en- 
suing alteration of the gastric contents. 
This should include measures to reduce 
vagal action in the stomach, such as full 
atropinization, or even vagotomy in proven 
ulcer cases. Measures to combat the gas- 
tric acidity by neutralization and buffering 
of the gastric contents with antacid prepa- 
rations during the periods of hypoglycemia 
should be employed also. 

Summary. 1. In 5 cases of schizo- 
phrenia given insulin shock treatment a 
definite increase in the acid content of 
the stomach occurred during the periods 
of hypoglycemia. 

2. Thorough gastro-intestinal studies 
should be completed in such patients 
before giving insulin, and measures to 
counteract or nullify the gastric secretory 
response to hypoglycemia should be insti- 
tuted. 
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MULTIPLE ATTACKS OF MENINGITIS 


REPORT OF A CASE WITH AUTOPSY 


By ArcuiBALtp L. Horne, M.D. 
ATTENDING PHYSICIAN 
AND 


ALLEN Scuuttz, M.D. 
RESIDENT 


CHICAGO, 


ILLINOIS 


(From Contagious Disease Department, Cook County Hospital) 


BEFORE the advent of serum therapy it 
was extremely unusual for anyone with 
pheumococcic meningitis to survive. But 
now specific antisera are seldom required 
and may be difficult to obtain. However, 
with the widespread use of chemotherapy 
and antibiotics the fatality rate for this 
severe infection has greatly decreased. 
Nevertheless, it is rare for persons to have 
more than | attack of meningitis, although 
with intrathecal treatment, relapses or re- 
currences due to the same infecting organ- 
ism may occur. 

Bronstein! reported the case of a man 
who had 4 attacks of meningitis in a 
period of 8 years, but 2 of these episodes 
could well have been relapses rather than 
reinfections. On 2 occasions the illness 
was attributed to the meningococcus but 
no organisms were found the other times. 
This patient died; there was no autopsy. 
Craddock and Bower’ also reported a case 
in which a woman had 4 attacks of menin- 
gitis in 1 year and recovered. On the first 
occasion, pneumococci Type XVII were 
identified, but in the second attack 
culture of the spinal fluid was reported 
sterile. -The third time a pneumococcus, 
Type XXVIII was disclosed but in the 
fourth instance the spinal fluid was sterile, 
as in the second attack. Thus it would 
appear that this patient had two distinct 
infections, each with a recurrence. Dur- 
ing the past year we had a patient with 
pneumococcic meningitis on our service 
who had one relapse while convalescing in 
the hospital from his original attack. 
Later he returned home apparently well 
but after 1 week was readmitted with a 
second relapse which resulted in his death. 


On many occasions when establishing a 
diagnosis of pneumococcic meningitis we 
have been impressed with the patient’s 
history of a skull fracture or head injury 
at some remote time. One‘ of us reported 
3 patients with second attacks of pneu- 
mococcic meningitis occurring at intervals 
of about 6 months to 1 year. Two of 
these patients had histories of skull frac- 
tures which antedated the meningitis by 
1 year or more. In each case the infecting 
organism was of a different type in the 
2 attacks. All 3 patients recovered; none 
had any intrathecal treatment. Traut’ 
had a patient who had meningitis 5 times 
with recovery and in this case there was 
a history of skull fracture 2 years previ- 
ously. On the first 3 occasions the 
organism was pneumococcus Type XXI, 
which suggests that 2 of these attacks 
were recurrences rather than new infec- 
tions. With the fourth illness no organ- 
isms were found but when the fifth attack 
took place, pneumococci Type XV were 
responsible. The patient recovered. Fox* 
reported 1 patient with relapsing men- 
ingitis due to pneumococci Type XXIX 
and another with recurrent meningitis 
caused by meningococci. Nearly all of 
the patients reported with multiple attacks 
of meningitis have been adults. However, 
2 of the 3 cases with second attacks of 
pneumococcic meningitis which were ob- 
served by one‘ of us involved children. 

We wish to report an instance in which 
the patient had meningitis 5 times within 
a period of 5 years. On each occasion a 
different organism was found in the spinal 
fluid. When the patient expired following 
his fifth infection, the autopsy finding 
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clearly afforded an explanation for the 
vulnerability of the meninges. 


Case Report. L.S., a 30 year old struc- 
tural iron worker, was first seen at Cook 
County Contagious Disease Hospital on 
Oct. 10, 1942. The history was that of an 
upper respiratory infection for about 3 weeks. 
He had gone to work as usual on the day of 
admission. At 5 p.m. of that day his wife 
found him at home in a stupor and had him 
removed to a private hospital where a diag- 
nosis of meningitis was made and he was 
transferred then to Cook County Contagious 
Disease Hospital. The only significant event 
in his past history was a fall from a scaffold, 
in 1931, for which he was _ hospitalized. 
Roentgen ray films of the skull at that time 
did not disclose any fracture. 

Physical examination revealed a _ well- 
nourished, white male who was stuporous, 
but thrashed wildly about. Temperature 
was 103.6° F. rectally; pulse, 120; respira- 
tions, 28; blood pressure, 130/80. There 
was marked nuchal rigidity and the Kernig 
and Brudzinski signs were positive. Ten- 
don reflexes were absent but the remainder 
of the physical examination was essentially 
negative. Because the patient was unman- 
ageable, it was necessary to administer 
250 mg. of sodium pentothal in order to 
sedate him and then a lumbar puncture was 
made, with the following results: spinal 
fluid, cloudy; pressure, 440 mm., water man- 
ometer; cell count, 4000, polymorphonuclears 
predominating. Culture of spinal fluid 
showed pneumococci Type XXV. Spinal 
fluid glucose was 68 mg.; protein, 375 mg.; 
chlorides, 68 mg. Kahn test was negative. 
Urine was negative, and the white blood 
count was 10,300. 

The patient was given immediately 5 gm. 
of sodium sulfathiazole intravenously plus 
parenteral fluids and at the end of 24 hours 
this treatment was repeated, the 5 gm. of 
sodium sulfathiazole again being given intra- 
venously. Heavy sedation was required to 
keep the patient from tossing about. He 
was put on a 4 hour schedule of 2 gm. sodium 
sulfadiazine in 100 cc. of distilled water 
intravenously and was given 100,000 units 
of Type XXV antipneumococcus serum 
intravenously. The temperature rose to 
106° F., respirations became labored and 
oxygen was required. The following day 
another 100,000 units of specific serum was 


given intravenously and a third injection of 
100,000 units was made 8 hours later. He 
remained stuporous all day and his temper- 
ature fluctuated from 102° to 103.6° F. rec- 
tally. The next day, his 5th in the hospital, 
he received 300,000 units more of serum 
intravenously and that night he became 
rational and was able to answer questions. 
Sulfonamide medication was then adminis- 
tered orally and the remainder of his hospital 
stay was uneventful. The meningeal signs 
gradually subsided and he went home asymp- 
tomatic on the 25th day after he entered the 
hospital. 

Second Admission (Mar. 30, 1943). This 
time the patient entered the hospital in a 
comatose condition. He had complained of 
headache for about 6 hours and had vomited 
6 or 8 times. Physical examination showed 
a restless comatose male with a temperature 
of 105° F. rectally; pulse, 140; respirations, 
40; again the only positive physical findings 
were nuchal rigidity and positive Kernig 
and Brudzinski signs. Lumbar puncture 
revealed a cloudy fluid with increased pres- 
sure, cell count of 24,000, predominantly 
polymorphonuclears; spinal fluid culture was 
reported positive for pneumococci Type X; 
spinal fluid protein was 300 mg.; chloride, 
680 mg., and glucose, too low to obtain 
reading. He was started on intravenous 
sodium sulfapyridine, 5 gm., and 30 minutes 
later 4 gm. more of the same drug intra- 
venously. Intravenous fluids, and paralde- 
hyde for sedation, were also given. In 
addition, 150,000 units of Type X antipneu- 
mococcus serum was injected intravenously. 
His maintenance dose of sulfonamide con- 
sisted of sulfadiazine, 2 gm., at 4 hour 
intervals intravenously until the 4th hospital 
day when he was rational enough to be put 
on oral medication. He was discharged 
asymptomatic on the 14th hospital day. 

Third Admission (Oct. 20, 1943). On this 
oceasion the patient was irritable when he 
entered the hospital but was able to give a 
history of headache and pain in the back 
of his neck for about 20 hours and vomit- 
ing 5 or 6 times within the past 4 hours. 
Physical examination was essentially nega- 
tive except for a rigid neck; temperature, 
103° F.; pulse, 120; respirations, 40. Lum- 
bar puncture showed purulent fluid with a 
cell count of 2400, predominantly poly- 
morphonuclears; protein of 225 mg.; glucose, 
again too low to read; chlorides of 710 mg. 
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Culture of both the blood and spinal fluid 
revealed H. influenze. He was treated with 
intravenous sulfathiazole, 5% glucose intra- 
venously, and repeated blood transfusions, 
getting 500 cc. whole blood daily for 3 days. 
At times he would become maniacal and had 
to be heavily sedated. On the 4th day he 
was able to take oral medication and was 
put on sulfapyridine, 2 gm. every 4 hours. 
By the 10th day he was alert, asymptomatic 
and against all medical advice signed his 
release and left the hospital. 

Fourth Admission (Feb. 21, 1944). Again 
the patient was brought into the hospital 
in a semicomatose condition with a history 
of “running nose” and a cough the night 
before. He went to work complaining of a 
headache but returned home 2 hours later 
and became “wild” and soon lapsed into 
semicoma. Physical examination was essen- 
tially the same as on previous admissions. 
Temperature, 104° F. rectally; pulse, 128; 
respirations, 32. Lumbar puncture showed 
opalescent fluid under increased pressure. 
Spinal fluid glucose was 30 mg.; protein, 
375 mg.; chlorides of 660 mg. Both blood 
culture and spinal fluid culture were positive 
for pneumococci Type XI. The patient was 
given sodium sulfamerazine, 9 gm., intra- 
venously, continuous 5% glucose by vein 
and sedation as on previous admissions. 
Two gm. of sodium sulfamerazine were given 
intravenously every 8 hours until the 4th 
hospital day when the drug was administered 
orally. On the 2nd hospital day he received 
400,000 units of Type XI antipneumococcic 
serum intravenously. He became progres- 
sively better and went home at the end of 
12 days. Just before he left the hospital 
Roentgen rays of the paranasal sinuses were 
taken and they showed clouding of the eth- 
moid and sphenoid sinuses. No specific 
therapy was instituted for this latter con- 
dition. 

Fifth Admission (April 16, 1947). Once 
more the patient came to the hospital irra- 
tional. History was that of headaches for 
8 hours and extreme restlessness for the 
past 4 hours. He had made the comment 
to his wife the night before, ‘I guess I’m 
coming down with meningitis again because 
spinal fluid has been dripping from my nose.” 
One other fact which may be of some sig- 
nificance is that he was struck on the face 
with a rivet while at work about 1 week 
prior to entrance. Physical findings were of 


the same nature as upon previous admis- 
sions; temperature, 104° F. rectally; pulse, 
140; respirations, 30. Lumbar puncture 
showed a pressure of 440 mm. water manom- 
eter; the fluid was cloudy with a positive 
Pandy and cell count of 5310 polymorpho- 
nuclears. Smear disclosed many gram posi- 
tive extracellular diplococci. Culture of 
spinal fluid revealed pneumococci Type XX; 
spinal fluid glucose of 8 mg.; protein of 
450 mg. Urine showed 4+ albumin with 
many red blood cells and white blood cells 
per high power field; white blood cell count, 
17,500; red blood cells, 4.4 million with 80% 
hemoglobin. 

Ten thousand units of penicillin in 10 ce. 
of saline were instilled intrathecally and this 
was repeated daily for 4 days. In addition 
the patient was given 40,000 units of penic- 
illin intramuscularly every 3 hours and-an 
initial dose of sodium sulfadiazine, 6 gm. 
intravenously; 13 gm. of the same drug 
were injected every 4 hours intravenously. 
Continuous intravenous fluids were given 
and sedation as before. Patient remained 
in coma for 4 days, temperature rose to 
106° F. and he expired on the 4th hospital 
day. Total medication over a 4 day period 
was 40,000 units of penicillin intrathecally, 
520,000 units of penicillin intramuscularly, 
and 41 gm. of sodium sulfadiazine. 

Summary of Autopsy Findings. The body 
was that of a well-developed and well- 
nourished white male who weighed 63 kg. 
and 173 cm. long. The pupils were round 
and equal, not dilated or constricted. The 
peritoneal cavity was free of fluid; the serosal 
surfaces smooth and glistening. The lower 
pole of spleen was at the ninth rib in the 
midaxillary line. The liver was 3 em. below 
the costal margin and 8 cm. below the 
xiphoid. Both halves of the diaphragm 
were at the level of the fourth rib. 

The pleural cavities were free of adhe- 
sions; the pleura smooth and shiny. The 
pericardial sac contained 15 cc. of straw 
colored fluid. The lungs were both crepi- 
tant, their cut surface dark purple and red 
and wet. On pressure a large amount of 
frothy fluid escaped. The trachea and 
bronchi were lined by a congested and 
edematous mucosa. 

The heart weighed 300 gm. The valves 
were normal, the muscle good; the coronary 
arteries showed a few fatty plaques. 

The liver weighed 1400 gm.; the capsule 
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was smooth and shiny, the consistency firm; 
on section lobular markings were distinct. 

The gall-bladder and ducts were normal. 

The spleen, pancreas, adrenals were not 
remarkable. 

The kidneys weighed 350 gm. total. The 
capsule stripped with ease, leaving a smooth 
surface. On section, the markings between 
the cortex and medulla were distinct. Sulfa 
crystals were present in the renal pelvis. 
Bladder and prostate were normal. 

The brain weighed 1250 gm. Over its 
convexity, near the pons, and around the 
vermis of the cerebellum, there was yellowish 
pus along the course of the blood-vessels. 
Over the left parietal and occipital lobes 
was an extensive subarachnoid hemorrhage, 
10 by 8 cm. There was moderate atrophy 
of the gyri of the frontal lobes, the remainder 
of the gyri were markedly flattened and the 
sulci shallow. 

The skull showed 2 small perforations be- 
hind the Crista Galli which led to the ethmoid 
air cells and into the nasopharynx. 


Summary and Comment. 1. Five at- 
tacks of meningitis are a great rarity. 

2. On 4 occasions the infecting organ- 
ism was a pheumococcus, each of a differ- 
ent type. In 1 instance H. influenza was 
responsible for the meningitis, a form of 
meningitis that seldom occurs in adults. 


3. On 4 occasions, including the attack 
of influenzal meningitis, the patient recov- 
ered without intrathecal treatment or 
frequent taps for drainage of cerebral 
spinal fluid. In the first attack there was 
1 lumbar puncture before admission and 
1 after; only 1 puncture was made during 
each of the next 3 infections. In the 
fifth and fatal attack there was a daily 
puncture‘ with intrathecal penicillin until 
death. 

4. During the fatal illness, therapy 
included the administration of penicillin 
intrathecally. At autopsy there was an 
extensive subarachnoid hemorrhage over 
the left parietal and occipital lobes. It 
seems possible that intrathecal penicillin 
may have contributed to this complication. 

5. The autopsy disclosed a ready path- 
way for intracranial infection: 2 small 
perforations behind the Crista Galli lead- 
ing into the ethmoid air cells and so to the 
nasopharynx. 

6. In every case of pneumococcic men- 
ingitis it is advisahle to have roentgeno- 
grams of the skull with special reference 
to the sinuses. 
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THE number of reports on what can be 
learned by bone marrow examination has 
grown impressively since Arinken’s! first 
description of sternal aspiration in 1929, 
less than 20 years ago. This Review out- 
lines briefly those features of marrow 
examination which are of practical impor- 
tance in clinical pediatrics. Emphasis is 
given to the more recent contributions— 
the contained bibliographies refer back to 
earlier papers. For more detailed surveys 
of the marrow in infancy and childhood 
the reader is referred to the primary 
articles by Vogel and Bassen® (“Sternal 
Marrow of Children in Normal and in 
Pathologic States”), Diwany’ (“Sternal 
Marrow Puncture in Children’’), Shapiro 
and Bassen*® (“Sternal Marrow Changes 
During the First Week of Life’), Kato” 
(“Sternal Marrow Puncture in Infants 
and in Children’’), Smith*® (“ Blood Dis- 
orders in Infancy and Childhood”’), and 
others. An excellent critical survey of 
techniques, normal values and sources of 
error is that of Osgood and Seaman* 
(“The Cellular Composition of Normal 
Bone Marrow as Obtained by Sternal 
Puncture”). This deals with children as 


well as with adults. An abundance of data 
can also be found in every good textbook 
of hematology, such as the recent ones of 
Whitby and Britten,“ Wintrobe*” and 
Kracke.”! 

To evaluate and interpret the findings 
in an aspirated specimen of marrow one 
must be aware of the limitations of the 
approach as well as its positive worth as 
a source of information. The procedure is 
done so differently in different clinics and 
the range of normal variation is so great, 
that it is not wise to draw precise com- 
parisons between one report and another 
or between normal and questionably bor- 
derline states. Many of the principles and 
standards employed are of a statistical 
rather than of an absolute nature. The 
pathologist and clinician when examining 
a specimen should know: (a) The bone 
from which the specimen comes; (b) The 
manner of collecting and preparing the 
specimen; (c) The limitations of the 
method; (d) The age of the child and 
normal conditions at that age; (e) The 
disease the patient is suspected of having; 
(f) The patient’s peripheral blood picture; 
and (g) The significance of any changes 
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which may be encountered, such as (1) 
hyperplasia or (2) hypoplasia of any or 
all of the normal cellular elements, (3) 
infiltration or proliferation of abnormal 
cells, (4) presence of protozoan parasites. 

Preliminary Considerations. Bone From 
WHICH THE SPECIMEN ComEs. It has long 


been known that during the first few years , 


of life the marrow of practically all bones 
is red and cellular. Fat cells begin to 
appear between the ages of 5 and 7 years. 
With progressing age the active marrow 
recedes gradually from the distal portion 
of the skeleton toward the trunk until, at 
about age 18, active hemopoiesis takes 
place normally only in the vertebre, ribs, 
sternum, skull, innominate bones, and 
proximal epiphyses of femur and humerus. 

In the premature and newborn the 
sternum, the tibia or the femur may be 
used as the source of marrow. After early 
infancy the sternum has proved almost 
universally the site of choice. It is easy 
of access, and its marrow remains free 
from the normal fatty changes which 
affect the long bones as the child grows. 
Diwany’® and Kato”? have devoted much 
attention to the pattern of growth in the 
sternal centers (“sternebre’’) from the 
standpoint of facilitating marrow punc- 
tures. The ossification centers of the 
sternum appear at the sixth month of 
intrauterine life, first in the manubrium 
then in the other sternebree. The centers 
appear in pairs, one on each side of the 
midline; in each segment the pair of 
centers later fuse into a larger one. At 
birth the manubrium already displays one 
large fused mass, whereas the next three 
segments contain small paired centers 
separate from each other. Fusion of the 
centers is not always regular and uniform; 
pairing may persist in the lower segment 
of the sternum as late as the twelfth year. 
Puncture in children should always be 
done opposite an interspace, in order to 
avoid the cartilaginous partitions which 
separate the sternebre. 

MANNER OF COLLECTING AND PREPAR- 
ING THE SPECIMEN. “ The ideal method of 
obtaining marrow specimens would permit 


removal of a large representative, meas- 
ured specimen in such form that accurate 
cell identification and counts of each type 
of cell may be obtained and all structural 
relationships could be observed”’ (Osgood 
and Seaman*). Unfortunately, no such 
ideal method is feasible. The available 
techniques for collection of marrow fall 
into two classes: (a) procurement of a 
button of marrow by trephine; (b) aspira- 
tion through a needle. 

The button of marrow secured by biopsy 
permits the ready preparation of both 
imprint and microscopic sections. Micro- 
scopic sections preserve cell relationships 
and include all type of cells. Disadvan- 
tages* are the necessity for using the 
operating room, the longer time in arriv- 
ing at a full report, the residual scar, and 
the possibility of missing patchy lesions. 
Differential counts may be grossly in 
error; in a transverse section only uniden- 
tifiable segments of some cells will appear, 
and small cells can be obscured by other 
overlying cells. Needle aspiration is 
simpler to perform and is widely employed 
in pediatrics. Cell morphology is excellent. 
Unfortunately the anatomic positions of 
the various cells in relation to each other 
are not reconstructable and all cells are 
not always equally aspirated. Aspirated 
peripheral blood may confuse the picture. 
Suspensions can be made to obtain quanti- 
tative total nucleated cell counts which 
give a rough idea of the cellularity of the 
marrow, and the smears enable one to 
make accurate cell identification and dif- 
ferential cell counts. 

LIMITATIONS OF THE MeEtuops. Dif- 
ferences in technique of dealing with 
aspirated marrow lead to wide variations 
in the final counts. This makes com- 
parisons of the findings of different authors 
confusing. As Osgood and Seaman* com- 
ment: “Any article purporting to give 
the data on marrow of normal individuals 
should state the number, age, sex, race, 
criteria of health, geographic locality 
where the study was made, the altitude, 
and the general nutritional status of the 
subjects examined, as well as indicate 
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whether the women studied were pregnant 
or non-pregnant and, in the case of the 
latter, the relationship of the time of 
obtaining the marrow to the menstrual 
cycle.” 

Doan and Zerfas'' summarize the dif- 
ficulties encountered in the study of the 
bone marrow: “Any attempt at a quanti- 
tative estimation of the various cellular 
elements making up the bone marrow 
must, in the very nature of the survey, 
always be open to many questionings: the 
limitation inherent in any. technique used, 
the fallacies inescapable in trying to draw 
any general deductions from even 1000 
or 2000 cells counted out of the multiple 
millions present in any functioning bone 
marrow, the much debated questions of 
identification and classification of im- 
mature forms, the many factors known 
and unknown affecting hemopoiesis in any 
particular individual; all of these and more 
make it necessary to be conservative in 
the drawing of deductions from any one 
limited series of observations or in trying 
to compare the figures obtained from dif- 
ferent investigators.” 

AGE OF THE CHILD AND RANGE OF 
NorMAL VALUES FOR THE AGE. A num- 
ber of authors have attempted to deter- 
mine the marrow picture of normal chil- 
dren at various ages. Such surveys have 
been reported by Tecilazic,” Kato,” Vogel 
and Bassen, Veneklaas,“* Shapiro and 
Bassen,*° Diwany,'° and others. Osgood 
and Seaman* have recently compiled the 
findings in children in terms of a uniform 
nomenclature. Interested readers are 
referred to the original authors and the 
paper by Osgood and Seaman for exact 
data. 

The general distribution of marrow cells 
in the normal child may be summarized 
as follows: Nucleated red cells will range 
from 12 to 25% of all. nucleated cells; 
eosinophils, 2 to 6%; lymphocytes, 5 to 
35%; granuloblasts (myeloblasts), 1 to 
4%; other myeloid cells of the granulocyte 
series, 40 to 60%; miscellaneous (mega- 
karyocytes, reticulum cells, plasma cells, 
monocytes, basophils, etc.), 0 to 6%. 


These ranges are valid for children of all 
ages, from the premature and newborn 
up through puberty. They represent the 
usual findings, not the extremes of normal 
variation. Osgood and Seaman comment 
that the differences in differential cell 
counts in children and adults are relatively 
slight compared to the variations in the 
figures of different investigators for the 
same age group. If there is any significant 
difference between children and adults it 
is a slightly higher percentage of granulo- 
blasts (myeloblasts) and progranulocytes 
(promyelocytes) and a slightly lower per- 
centage of neutrophil lobocytes (poly- 
morphonuclear neutrophil leukocytes) in 
children. 

It must be borne in mind, too, that 
considerable variations, especially quanti- 
tative, may occur in a given case in dif- 
ferent stages of the disease, where repeated 
examinations are being made. 

Certain generalizations have been made 
by several workers, which seem indicative 
of positive trends. On the day of birth, 
the percentage of erythroid elements is 
high, 30 to 65%, and falls steadily during 
the first week so that by the seventh day 
it may be only 12 to 40%.*°” This reflects 
the curtailed production of new red cells. 
The percentage of myeloid cells goes up 
in reciprocal relationship. 

In Kato’s”® series, the small lympho- 
cytes predominated over the myeloid 
elements in the first 2 months. The 
majority of these lymphocytes were small, 
with heavily condensed nuclear chromatin 
and scanty basophilic cytoplasm. Typical 
blood lymphocytes of the medium and 
large varieties were rarely found in the 
marrow of young infants. In the erythro- 
genic series the majority of cells were 
fairly mature normoblasts. Karyorrhexis, 
Howell-Jolly bodies and Cabot rings were 
not found in normal infants and children. 
Megaloblasts were also consistently ab- 
sent. The myeloid-erythroid ratio was 
lower for infants and children up to 4 years 
than for older children and adults. 

The total number of cells per unit 
volume of aspirated marrow appears to 
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be higher in infants and young children 
than in the older age groups.’°* The 
values for total nucleated cell counts per 
cubic millimeter of sternal marrow average 
about 150,000 to 300,000, with normal 
variation as low as 50,000 and as high as 
1,000,000 (Vogel and Bassen).% 

Children have a slightly higher per- 
centage of myeloblasts and promyelocytes 
and a slightly lower percentage of neutro- 
phils than do adults.*°“* In prematures 
this tendency is more marked; the marrow 
is usually more hyperplastic and immature 
in prematures than in full term infants. 

THE SUSPECTED DISEASE AND THE 
PERIPHERAL Bioop Picture. The blood 
picture is not always an accurate reflection 
of the histologic status of the marrow.® 
The peripheral blood may show all the 
features suggestive of a hypoplastic mar- 
row such as anemia, leukopenia or throm- 
bocytopenia, individually or in combina- 
tion, and yet the marrow on examination 
may prove to be crowded with the respec- 
tive families of cells, or exhibit aplastic or 
hypoplastic changes, aleukemic leukosis, 
invading lymphosarcoma or other neo- 
plasm, or Gaucher’s disease. Thus, the 
physician must have both types of in- 
formation available, in order best to 
appraise the positive findings. 

The limitations of marrow examination 
might make it seem as if the procedure 
had but little clinical value. This is not 
the case; with increasing experience it is 
becoming more and more valuable. These 
limitations do emphasize, however, the 
importance of observing all the recognized 
precautions, if the results obtained are to 
be relied upon. 

Significance of Changes. 
OF THE WuITE CELL Components. The 
cells of the myeloid series tend to pro- 

liferate during most acute pyogenic infec- 
tions, usually with an increase of more 
immature cells.*® The degree of immatur- 
ity seems usually to parallel the stage and 
severity of the infection. In infections 
associated with peripheral neutropenia, the 
leukocytic elements of the marrow may 
be either increased or decreased. 


In infectious mononucleosis Freeman” 
reported infiltration of the marrow with 
abnormal cells similar to those in the 
blood stream. Vogel and Bassen® and 
others,** however, failed to corroborate 
this. Limarzi, Paul and Poncher™ have 
recently described sternal aspiration in 
25 cases of infectious mononucleosis. Their 
patients ranged in age from 13 months to 
35 years. The marrow was nearly always 
hyperplastic with an increase in immature 
granulocytes but without proliferation of 
atypical lymphocytes. Toxic granulations 
were seen in many of the neutrophilic 
myelocytes but not in the metamyelocytes. 
The blood neutrophils showed toxic granu- 
lation and a moderate shift to the left. 
The authors suggest that in this disease 
a noxious factor affects many of the myelo- 
cytes and prevents their differentiation to 
neutrophils, leading instead to the develop- 
ment of toxic band forms. This behavior 
of the marrow contrasts with that in 
lymphatic leukemia, in which character- 
istic replacement with leukemic cells takes 
place regardless of the blood findings. 
Sternal puncture thus becomes an impor- 
tant aid for differentiating benign from 
malignant types of lymphocytosis. 

In acute infectious lymphocytosis the out- 
standing feature in the marrow is the 
increased number of normal small lympho- 
cytes.“* Myeloid elements and nucleated 
red cells are normal in quantity. The 
values in 2 patients, aged 5 and 9 years, 


were 43 and 42% lymphocytes, respec- 


tively, as compared with the more usual 
lymphocytic range of 15 to 25%. 

In smallpox Schretzmayr and Lan- 
caster*? found in the marrow both a rise 
in immature myelocytes and a “ character- 
istic” increase in cells of the reticulo- 
endothelial system, plasma cells and retic- 
ulum cells. At times there was also an 
increase of the lymphocytes, correspond- 
ing to the lymphocytosis generally present 
in the blood. 

In Banti’s syndrome (chronic congestive 
splenomegaly) myeloid hyperplasia has 
been described in the earliest stages when 
the peripheral blood shows a moderate 
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anemia and leukopenia.“ Later the 
marrow findings consist of a “ maturation 
arrest”’ of the myeloid and megakaryocyte 
tissues. In the final stage normoblastic 
hyperplasia also appears. 

In pertussis Landolt””* found, in a study 
of 12 children, that the marrow tends to 
be hyperplastic, with numerous eosinophils 
and immature myelocytes. There was no 
increase in the lymphocyte content of the 
marrow: the proportion of lymphocytes 
ranged from 9 to 22% (average 15.5%) 
though samples of peripheral blood at 
the time of marrow examination had 
absolute lymphocyte counts up to 43,000. 

HYPERPLASIA OF THE RED CELL Com- 
PONENTS. Hyperplasia of the red cell 
elements is a regular feature of hemolytic 
anemias. Wintrobe*’ states that in these 
disturbances as many as 60% or more 
of the nucleated cells in smears of sternal 
marrow as obtained by puncture or biopsy 
may belong in the erythrocytic series. 
Smith*® thinks that nucleated red cells 
in excess of 50% of all the nucleated cells 
of the marrow constitutes an important 
diagnostic feature in hemolytic anemia. 
Smith finds the marrow hyperplastic in 
the hemolytic anemias with an increased 
proliferation of normoblasts and to a lesser 
extent of erythroblasts. Granulopoiesis 
may also be active. In iron deficiency 
anemia and in chronic hemorrhagic anemia 
granulopoiesis is normal. 

Most authorities!’ 3.3947 agree that in 
iron deficiency anemia the bone marrow 
contains an excess of nucleated red cells. 
These are largely normoblasts; few if any 
megaloblasts are found. Scott,®® for ex- 
ample, describes the erythroblasts as in- 
creased to a degree roughly proportional 
to the anemia. The predominant and 
characteristic cell is a small mature poly- 
chromatic normoblast having an irregular 
and jagged cell outline with a small rim 
of slate-grey cytoplasm around the pyk- 
notice nucleus. According to Scott, when 
this cell dominates in erythropoiesis, an 
iron deficiency may be inferred. With 
onset of treatment the erythroblasts in- 
crease steadily until a peak is reached 
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parallel with the maximal reticulocytosis 
in the peripheral blood. 

In congenital hemolytic jaundice (sphero- 
cyttc anemia) Limarzi* noted the bone 
marrow to be hyperplastic at the normo- 
blastic stage. Leukopoiesis is also in- 
creased. Following splenectomy the num- 
ber of normoblasts decreases. Scott*® found 
in this condition a great increase in 
erythroblasts, which form 50 to 75% of 
the cells in the puncture films. There 
appears to be little correlation between 
the erythroblast percentage, the degree of 
anemia, and the peripheral reticulocytosis. 
There is no change in the erythroblasts to 
foreshadow the abnormal shape of the 
mature red cell. 

In Mediterranean (Cooley’s) anemia the 
bone marrow is hyperplastic with many 
parent stem cells, nucleated red cells, 
myelocytes and megakaryocytes.“” Some 
phagocytes contain small amounts of 
hemosiderin. Foam cells present in small 
islands may give an appearance resembling 
Gaucher’s disease. 

As for erythroblastosis fetalis due to Rh 
incompatibility, Potter** comments that 
the bone marrow in most infants studied 
at the Chicago Lying-in Hospital series 
has been hyperplastic (as described also 
by other observers), but in a few infants 
the marrow could not be distinguished 
from that of an unaffected newborn. Occa- 
sional irregular areas are found in which 
blood cells are completely absent and the 
spaces between the trabecule filled with 
mucoid connective tissue. Potter suggests 
that the progressive anemia in erythro- 
blastosis fetalis may be due in part to the 
bone marrow remaining hypoplastic when 
blood formation stops in the liver after 
birth. 

In sickle cell anemia authorities are 
agreed that the marrow shows pronounced 
augmentation of normoblastic activ- 
ity.4.%.47 Limarzi® states that the marrow 
shows similar findings whether the spleen 
has been removed or not. Wintrobe® 
describes the marrow as consisting largely 
of nucleated red cells, chiefly normoblasts. 
Some polychromatophilic normoblasts and 
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more immature forms may occur. There 
may be a moderate “shift to the left” in 
the myeloid leukocytes, and eosinophils 
may be relatively numerous. Megakaryo- 
cytes may be present in increased number, 
monocytes may contain ingested red cor- 
puscles, and nuclear fragments as well as 
pigment granules may be scattered about. 
In several specimens Wintrobe has ob- 
served long, filamentous bands of what 
appears to be erythrocytic cytoplasm 
which may extend across the whole oil- 
immersion microscopic field. 

In ankylostomiasis with anemia Diwany'® 
found marked changes in 9 of 10 children 
studied. Erythroblastic and normoblastic 
hyperplasia was marked. The cytoplasm 
of the nucleated red cells was commonly 
basophilic or polychromatic and numerous 
mitotic figures were seen in almost every 
case. Eosinophils were invariably present. 
This picture is described as resembling 
that in post-hemorrhagic anemia and is 
compatible with the view that ankylos- 
tomic anemia is due to chronic blood loss. 
In long-standing ankylostomiasis with 
severe anemia Schretzmayr and Lan- 
caster®*’ found the pattern to change to 
that of an aplastic marrow corresponding 
to the other signs of aplasia, e¢. g., general 
wasting, muscular atrophy, and a dry 
thin skin. 

Zuelzer and Ogden*® have directed at- 


tention to a form of macrocytic anemia, 


designated megaloblastic anemia, seen in 
25 infants. A characteristic dysplasia is 
found in the marrow, with both erythro- 
poiesis and leukopoiesis being affected in 
a manner similar to pernicious anemia. 
The precursors of the red cells show 
“prevalence of ‘young’ basophilic and 
polychromatic cells; limitation of mitotic 
activity, mainly to the earliest stages of 
maturation; abnormal karyokinesis, with 
tripolar or multipolar mitoses and atypical 
chromosomes; an abnormal nuclear struc- 
ture, which stamped these cells as megalo- 
blasts in the restricted morphologic mean- 
ing of the term . . .; lobulation and dis- 
tortion of the shape of the nuclei; an 
increased tendency to denucleation by 
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karyorrhexis and sometimes by karyolysis, 
and an increase in the size of the cells 
and in the relative amount of cytoplasm 
at all levels of maturation.”’ The granulo- 
cytes have a similar “shift to the left;”’ 
they are usually enlarged and their nuclei 
often hypersegmented. The characteristics 
of the circulating blood are a normo- 
chromic and usually macrocytic anemia, 


leukopenia, neutropenia and thrombo- 
penia. The. patients exhibit a specific 


response to a hemopoietic factor contained 
in liver extract, folic acid concentrates and 
pure folic acid. 

ALTERATIONS IN MEGAKARYOCYTES. 
Alterations in the megakaryocytes have 
not been deemed of much pediatric sig- 
nificance except in hemophilia and the 
purpuras. Limarzi, Poncher and Birch™ 
reported on the marrow findings in 4 
patients with hemophilia. During the 
remission phase there was a normal quanti- 
tative and qualitative pattern for the 
erythroid, myeloid and megakaryocytic 
elements. During the bleeding phase, in 
contrast, the marrow was hyperplastic 
and the mature megakaryocytes were in- 
creased. 

Nickerson and Sunderland® comment 
that in the marrow from patients with 
idiopathic thrombocytopenic purpura hemor- 
rhagica marked variation is seen, not only 
between different cases but in repeated 
specimens from the same case. A distinct 
increase of young forms is noted, together 
with a slight increase in adult forms, and 
a corresponding diminution of degenerat- 
ing megakaryocytes. Dameshek and 
Miller’ described megakaryocytes as being 
moderately increased in acute purpura 
hemorrhagica, but with diminished plate- 
let production; following splenectomy, 
platelet production became more active. 
Schwartz** commented that spontaneous 
recovery is more likely to take place when 
the eosinophils in the marrow are plentiful. 
He studied 30 patients with “primary” 
thrombocytopenic purpura, and found 
that they could be grouped into two 
types: (a) those with increased number 
of eosinophils in the marrow (above 50 
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per 1000 granulocytes); (b) those with no 
increase in marrow eosinophils (below 50 
per 1000 granulocytes). Of 14 patients with 
low counts only one recovered spontan- 
eously, whereas 12 of 16 patients with 
high marrow eosinophil counts recovered 
spontaneously. He suggested that the 
high eosinophilia is a manifestation of an 
allergic state, and that patients having 
high eosinophil counts owe their thrombo- 
cytopenia to sensitization or “allergic’”’ 
phenomena. 

HyPopLasia AND Aplasia and 
hypoplasia of the entire bone marrow 
system must be rare in childhood, since 
one finds few references to the condition 
in this age period. The precipitating 
‘auses in adults may be benzol, organic 
arsenicals, gold compounds, radio-active 
substances, irradiation with roentgen rays, 
and other chemical and physical agents.‘ 
These offenders can doubtless give rise 
to the same disturbance in exposed chil- 
dren. 

Diwany”’ describes a generalized depres- 
sion of the bone marrow in 2 children 
with cretinism. The main feature was the 
low total count, indicating marrow hypo- 
plasia. In 1 patient, aged 12 years, the 
total nucleated cell count which had been 
40,000 per c.mm. rose to 190,400 after 
| month’s treatment with thyroid prepa- 
rations. The nucleated red cells showed 
very slight rise—from 11.2 to 15%; the 
blood from 30 to 60%. 
Depression of the bone marrow is viewed 
as a manifestation of the general slowing 
down of all metabolic processes which 
occurs in hypothyroidism. 

Diamond and Blackfan® describe a form 
of congenital chronic anemia as “hypo- 
plastic.”” This disturbance is characterized 
clinically by anemia and_ production 
of reticulocytes at an extremely low, al- 
most negligible, rate. Such children re- 
quire repeated transfusions at regular 
intervals for maintenance of life. In 4 
cases, Blackfan and Diamond described 
the marrow as being in “moderate hypo- 
plasia.”’ 

Fanconi,"“* Dacie and Gilpin® and Win- 


hemoglobin 


trobe” have reported instances of a familial 
anemia characterized by pigmentation of 
the skin, hypoplasia of the gonads, and 
developmental anomalies. These patients 
exhibited anemia, leukopenia, thrombo- 
cytopenia and underactivity of the bone 
marrow. 

Estren and Dameshek™ have: described 
a familial “chronic hypoplastic anemia.” 
Examinations of the marrow, carried out 
in 3 of 6 siblings in one family and 5 of 
14 siblings in another, revealed marked 
hypoplasia with a decreased number of 
megakaryocytes. Granulopoiesis and er- 
ythropoiesis were orderly and qualita- 
tively normal but quantitatively markedly 
diminished. 

Whitby and Britten“ comment that 
when the bone marrow is partially replaced 
by implants of foreign tissues or by an 
overgrowth of the bony tissue proper, 
the remaining or adjacent marrow may 
be stimulated or irritated into excessive 
myeloid and erythropoietic activity. The 
changes that may be found in the periph- 
eral blood include an anemia that is some- 
times severe and a variable leukocytosis 
that is not often great, but composed 
partially of a number of primitive myeloid 
cells. The descriptive title of leuko- 
erythroblastic anemia has been suggested 
by Vaughan.* The red cell changes are 
characterized not so much by anemia as 
by the appearance in the blood of young 
red cells and nucleated forms—a “ shifting 
of erythropoiesis to the left.” 

In “marble bone disease” (Albers-Schén- 
berg disease) an aplastic or myelophthisic 
anemia develops in about one-fourth of 
the cases.“ Similar marrow changes may 
occur in osteogenesis imperfecta and other 
congenital bone diseases.” 

DEPRESSION OF WHITE CELL CompPpo- 
NENTS. The cells of the neutrophilic®**> 
series are the first and most often affected 
in sulfonamide reactions. The value of 
bone marrow studies in such agranulocytic 
manifestations has been discussed fully 
by Smith,“ who points out that the bone 
marrow is the site of origin of the myeloid 
elements and the place where the full 
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extent of damage to the mature granulo- 
cytes and their precursors may be ex- 
amined at first hand. The toxic effects of 
sulfonamides on the bone marrow are 
represented by varying degrees of sup- 
pression of granulocytic elements and at 
times by a diminished total cellular con- 
tent. In mild injury both promyelocytes 
and myelocytes are present, whereas the 
severe and fatal type presents an arrest 
in development at the myeloblast stage 
with a complete absence of more mature 
granular cells. If marrow examination 
reveals that myelocytes and more mature 
polymorphonuclear cells are numerous, 
the sulfonamide therapy need not be dis- 
continued if the need for it is urgent. 
Repeated bone marrow studies are re- 
quired, however, to guard against a sudden 
shift to an immature level. A marked 
reduction in the more mature elements 
and an increase in stem cells and in 
lymphocytes calls for immediate with- 
drawal of the drug. With recovery, myelo- 
cytes make their appearance in increasing 
numbers and are followed by more mature 
neurophils. 

Replacement of the bone marrow by 
blast cells, as in leukemia, does not occur 
in leukemoid reactions.” 

Haden,'? Hynes'* and Wintrobe” point 
out that a marrow examination aids 
greatly in the study of a patient with 
leukopenia. If the granulocytes are absent 
due to some drug, the marrow may con- 
tain an abundance of immature myeloid 
cells, largely late myelocytes and meta- 
myelocytes, owing to interference with 
maturation. In the early stages of agranu- 
locytosis the cellularity is normal but 
practically all the myeloid cells are myelo- 
blasts. If death takes place from sepsis 
with partial remission of the blood picture, 
the marrow is hyperplastic and crowded 
with young neutrophils. When the disease 
has lasted for some days, the myeloblasts 
may disappear, leaving lymphocytes and 
plasma cells as the only leukocytes in the 
marrow. 

CELLULAR INFILTRATIONS. Any disease 
characterized by dissemination or pro- 


liferation of reactive cells throughout the 
body can be expected to show involvement 
of the marrow, particularly since the mar- 
row has an abundance of reticulo-endo- 


thelium. The diseases in which aspiration — 


of marrow can accordingly serve as an aid 
in diagnosis of suspected cases are the 
leukemias, neoplasms and disturbances of 
cellular lipid metabolism. 

Leukemia. Leukemic cells predominate 
in the bone marrow in leukemia.!7 18.59.4146 
Involvement is usually diffuse but may 
be nodular or patchy. Vogel and Bassen,* 
for example, have described the marrow 
in 12 children with acute leukemia. Acute 
lymphatic leukemia was characterized by 
practically entire replacement of the nor- 
mal cells with lymphoblasts and lympho- 
cytes (over 95%). Acute myeloid leukemia 
was characterized by replacement with 
myelocytes and myeloblasts (over 95%). 
There was an associated diminution of 
the red cell and megakaryocytic elements. 

Sternal puncture is of especial value in 
the recognition of “aleukemic” leukemia. 
The marrow may be highly cellular, filled 
with leukemic cells. In some cases the 
cellularity has been found reduced with- 
out any change in the differential count.** 

When the peripheral blood count is high 
in the thousands, it may be impossible to 
be certain that the puncture films rep- 
resent marrow rather than blood, since 
the marrow composition may not be sig- 
nificantly different from peripheral blood.*® 
One expects to find more blast forms in 
leukemia than in the hyperplasia of simple 
leukocytosis. Hynes" states that in leu- 
kemia the production of red cells is de- 
pressed with the percentage of erythro- 
blasts being almost equal to that of 
normoblasts. This “maturation defect” 
is probably associated with the macrocytic 
anemia which often accompanies leukemia. 

In acute cases it may be difficult to 
distinguish between lymphoblasts, myelo- 
blasts and monoblasts. Cells of inter- 
mediate maturity and mature cells help 
in the identification. Scott*® comments 
that the finding of over 40% of lympho- 
cytes in the marrow suffices for a positive 
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diagnosis of lymphatic leukemia, whereas 
a normal count does not exclude the con- 
dition. 

Neoplasms. Infiltrations of the marrow 
by metastatic tumors are thoroughly fa- 
miliar to the roentgenologists, who do not 
hesitate to make the diagnosis from the 
roentgen shadows of affected bones. 
Landolt’s*’ recent report describes mar- 
row aspirations in 47 children with cancer 
(mostly sarcoma and neuroblastoma). In 
neuroblastoma the characteristic tumor 
cells were recovered from the bone mar- 
row in 11 of 16 cases examined, thereby 
establishing the diagnosis. In these pa- 
tients many macrophages were present in 


‘the marrow, and macrophage mitosis was 


observed. With reticulum cell sarcoma 
the sarcoma cells were identified. Even 
when no tumor cells were recognized in 
the smear, an increase in reticulum cells 
and immature myeloid cells usually sug- 
gested the diagnosis. Smith“ states that 
with neuroblastoma, clusters of primitive 
cells can be observed in the counting 
chamber which appear in the films as 
large immature cells forming syncytial 
masses simulating a mosaic pattern. 

In Hodgkin’s disease*®* the bone marrow 
findings have been variable and non- 
specific. Lesions are focal rather than 
diffuse. There may be a shift to the left 
in the myeloid series, a slight monocytosis 
or moderate eosinophilia, and a relative 
reduction in nucleated red cells. 

In 6 cases of lymphosarcoma in Hynes’!® 
series the marrow was normal. In 1 other 
case, associated with a chronic macrocytic 
anemia, sternal puncture produced mar- 
row containing 51% small lymphocytes, 
10% lymphoblasts, and only 14% mature 
neutrophils. At autopsy he bone-marrow 
and other organs were extensively infil- 
trated with lymphosarcomatous nodules. 

Rubinstein® has described a 15 year old 
boy with a pathologic fracture of the 
femur, in whom sternal marrow aspiration 
gave the first clue to the correct diagnosis 
of multiple myeloma. Repeated sternal 
aspirations yielded a marrow of low cell 
count (18,000 to 41,000 in 1 cm.), with 8 


to 25% plasma cells in the differential 
count. Otherwise there was normal cell 
distribution. The plasma cells displayed 
mitotic figures with double nuclei, multiple 
nucleoli, uneven staining, and vacuoliza- 
tion of the cytoplasm. 

Disturbances in Cellular Lipid Metab- 
olism. In Niemann-Pick’s disease“ typical 
large lipid-filled cells are seen which are 
round, oval, or polyhedral and filled with 
a web of hyalin droplets. Gaucher’s disease 
exhibits nests of characteristic large foam 
cells, 20 to 80 micra in diameter;*” the 
cells are round, oval or spindle-shaped and 
usually possess one or many small eccen- 
trically placed nuclei. The cytoplasm 
stains faintly or not at all with fat stains. 
Examination of the sternal marrow of a 
10 year old boy with Gaucher’s disease by 
Chalmers? revealed a hyperactive cellular 
marrow with an increase of erythroblasts 
and normoblasts and numerous Gaucher 
cells. Leukopoietic elements were reduced. 
In essential xanthomatosis of the normo- 
cholesteremic type—Hand-Schiiller-Chris- 
tian disease—aspirated marrow will be 
free from xanthomatous cells unless a 
lesion is aspirated directly. Young and 
Osgood** report a negative finding in a 
sternal puncture done shortly after death 
in a boy of 5 years with xanthomatosis of 
the Hand-Schiiller-Christian type. The 
sternal marrow had escaped the infiltra- 
tion present in the marrow of other bones 
and in many other tissues as demonstrated 
at necropsy. 

Bacteriologic Examinations. In this 
country, sternal puncture has not been 
utilized to any extent as a device to 
recover organisms in obscure bacterial 
infections. In other countries the method 
has long been employed for finding the 
etiologic agents in typhoid fever, brucel- 
losis, streptococcal septicemia, subacute 
bacterial endocarditis, lobar pneumonia, 
tuberculosis and other infections. A few 
representative reports are here cited. 

In a patient with staphylococcus sep- 
ticemia, Ling, Hsueh et al.?” found that 
sternal marrow cultures yielded a positive 
growth in 24 hours whereas blood cultures 
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done at the same time were not positive 
until 48 hours. 

Crisculo* has reported on culture of the 
sternal bone marrow in 14 acute cases of 
brucellosis. The Brucella organism was 
isolated from the blood in 10. In 11 
patients cultured during the early stages 
of the disease, 8 presented positive blood 
cultures and 7 positive sternal marrow 
cultures. In an acute case with a gradual 
onset 3 months prior to hospitalization 
the sternal culture was positive; a year 
later, during an afebrile period when the 
condition had become chronic, the culture 
was negative. 

Ling et al.?* performed 110 sternal mar- 
row and cultures simultaneously with 38 
patients diagnosed as having typhoid or 
paratyphoid fever. Both marrow and 
blood cultures showed positive growth in 
31 instances, and both were negative in 33. 
Marrow cultures yielded a positive growth 
in 44 instances in which the blood cultures 
were negative, whereas in only 2 instances 
did marrow culture fail to demonstrate 
the organism when the blood culture was 
positive. Success in this approach was 
attributed to the fact that in typhoid 
fever the reticulo-endothelial cells phago- 
cytize the organisms. Inasmuch as the 
bulk of the reticulo-endothelial system 
lies in bone marrow, spleen and liver the 
invading organism is demonstrable in 
those organs in large numbers. Marrow 
puncture is easier and safer than splenic 
or hepatic puncture. 

Protozoa. Protozoan parasites may be 
demonstrable in aspirated marrow when 
the peripheral blood seems free of their 
presence. The usefulness of this approach 
has been especially evident with kala-azar, 
malaria, and trypanosomiasis. Histoplas- 
mosis, toxoplasmosis’ and torula infec- 
tions should be recognizable also by mar- 
row aspiration. Success is largely due 
to the large amount of reticulo-endo- 
thelium in bone marrow. 

Chung* has reported on 171 cases of 
kala-azar diagnosed by sternal puncture. 
The majority of the patients were in the 
first two decades of life; many were infants 


under 1 year. As many as 40 Leishman- 
Donovan bodies could be seen in each oil 
immersion field. Many of the patients 
were also subjected to splenic and hepatic 
puncture. Sternal puncture gave the 
highest percentage of positive results. 
Schretzmayr and Lancaster*’ have de- 
scribed both a myelocytic and an erythro- 
blastic increase in chronic malaria—the 
latter change in response to the anemia. 
Proliferation of proerythroblasts and meg- 
aloblasts are similar to the findings in 
pernicious anemia. Gigantic band-forms 
and hypersegmented leukocytes may ap- 
pear. Examination of the marrow for 
parasites reveals many more sexual forms 
than in the blood. In subtertian malaria 
gametocytes may be numerous in the mar- 
row though absent from the peripheral 
blood. Active mitosis may be observed 
there, as well—a process practically never 
observed in the blood. Rumball and 
Parsons-Smith,* and Yu and Ying*® cor- 
roborate the higher percentage of success 
in demonstrating parasites in marrow. 
The marrow of 5 children with urinary 
bilharziasis was examined by Diwany."® 
Four showed a moderate eosinophilic reac- 
tion ranging between 10 and 15. The fifth 
revealed a high eosinophilia in the periph- 
reral blood (70 %) and in the marrow (60 %) 
Linhard*’ repeatedly studied 40 patients 
with trypanosomiasis and uncovered the 


‘parasites more frequently in the marrow 


than in the peripheral blood, the ratio 
being 211:129. 

Histoplasmosis may be demonstrable by 
marrow examination, as in the infant 
reported by Iams and Keith.’® The fungus 
parasites were seen free in the tissue fluid 
as well as inside monocytes, immature 
neutrophils, megakaryocytes, eosinophils 
and large phagocytic reticulo-endothelial 
cells. 

Cystine Disease. The presence of free 
cystine crystals in aspirated marrow of 
affected children has been demonstrated 
by Fanconi.“ In fact, this approach is 
recommended as the method of choice for 
rapid diagnosis in suspected cases. 
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TuE purpose of this paper is to present demonstrated to be a serious disadvantage. 
the current trends in obstetric analgesia Mengert?* noted immediate post natal ti 
and anesthesia. Continuous caudal anal- distress in 25% of mature infants, and a te 
gesia, introduced in 1942 by Hingson and _ higher rate of distress in premature infants d 
Edwards,* has received more attention subsequent to the administration of mod- a 
than any method of analgesia since the erate doses of morphine to women in ti 
Twilight Sleep of Kroenig and Gauss. labor. The maximum respiratory depres- cc 
Demerol, a recently synthesized analgesic S@nt effect on the infant was observed when w 
drug, has been tested in obstetric patients. delivery took place in the third hour after ro 
The use of spinal anesthesia for the late the morphine. 
stage of labor and delivery has been ovecrved high incidence ot 
fetal respiratory depression following the 
revived. Psychic control of the pain of Se ‘ ; . r1 
eae 4 administration of pantopon to parturient m 
childbirth has been reported. Further women. He expressed the opinion that - 
observation of the older methods of pain the use of narcotic drugs for the purpose =, 
relief has more clearly defined their of obstetric analgesia was not in the best 7 
usefulness. interest of the infant. Prematurity was be 
This discussion will be limited to the - considered to be a definite contra-indica- are 
methods of analgesia and anesthesia cur- tion to their use. A less important dis- ) 
rently in use in obstetrics. Special atten- advantage was noted to be the failure of fra 
tion will be paid to their basic advantages effective pain relief in about 30% of Ge 
and disadvantages without regard for the patients.!° 
merits of the many technical variations. Demerol. The investigation of Demerol Re 
Safety for mother and infant will be the for the relief of the pain of childbirth was of 
principal criterion of evaluation. The suggested by its analgesic effect,* and by Gr 
effectiveness of pain relief, and the practi- the reported absence of significant res- bit 
cal requirements of administration will be piratory depressant action.® Clinical pir 
considered. experience with the drug in obstetrical \ 
Analgesia Prior to Delivery. Narcotics. patients has been sufficient to warrant an win 
Morphine and related compounds have estimate of its value and limitations. exec 
been used extensively because of the No serious maternal reactions have been emai 
analgesic effect, the absence of serious noted subsequent to the administration of ane 
maternal reactions, and the ease of Demerol,®°*%- but about 25 % of patients ties 
administration. The respiratory depres- have exhibited minor unpleasant reactions witl 
sant effect on the newborn has been i. e., nausea, vomiting, dizziness, dryness cae 
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of the mouth, or sweating. No fetal 
mortalities were ascribed to its use,®-!°-8.4 
but some degree of depression of respira- 
tion of the newborn was observed. Fetal 
resuscitation was necessary in from 9%° 
to 16%%* of newborns whose mothers 
received demerol. The incidence of fetal 
respiratory depression was no higher in 
premature than mature infants.** Gott- 
schalk" noted no evidence of respiratory 
depression in newborn infants observed 
from seven to sixty minutes after delivery. 

Demerol effected satisfactory analgesia 
in only 70% of patients;!® it did not 
produce amnesia. When the. drug was 
combined with scopolamine, satisfactory 
analgesia was obtained in 90% of pa- 
tients,** but the incidence of fetal respira- 
tory depression was higher than when 
demerol was given alone.®*8 Maternal 
excitement occurred in only 3% of pa- 
tients,** and was never extreme. The 
combined use of demerol and scopolamine 
was found to be the most satisfactory 
routine analgesic method by the Boston 
Lying-In Group.*® 

Barbituric Acid Derivatives. The bar- 
bituric acid derivatives have been ad- 
ministered frequently for obstetric anal- 
gesia®” because of the ease of administra- 
tion and the excellent amnesic effect. 
They were usually given orally, but have 
been administered per rectum,* and intra- 
venously.! 

Serious maternal reactions have resulted 
from the use of large doses of these drugs. 
Galloway and Smith® observed a shock-like 
reaction in 0.2% of normal mothers. 
Respiratory crises were noted in 0.36% 
of patients by the Boston Lying-In 
Group. The administration of bar- 
biturates to mothers with active res- 
piratory disease has resulted in death.” 
A less serious but important limitation 
has been the high incidence of maternal 
excitement (16.2%).!® The occurrence of 
excitement made special nursing care 
mandatory, and led to the contra-indica- 
tion of the use of barbiturates in patients 
with heart disease, or with other medical 
complications of pregnancy which reduced 


physical reserve. The depressant effect 
on fetal respiration was minimal. Irving’® 
reported that 3% of newborns required 
resuscitation when the mothers were given 
sodium pentobarbital. 

The major advantage has been the 
effectiveness of amnesia; 86% of patients 
experienced complete amnesia, and 14% 
had partial amnesia with the use of 
sodium pentobarbital combined with small 
doses of scopolamine.’® 

Other Commonly Used Drugs. It is 
probable that scopolamine has been given 
to a greater number of obstetric patients 
than any other one analgesic, or amnesia 
inducing drug. Usually, the administra- 
tion has been in combination with other 
drugs to which it was considered an 
adjunct. Kirschbaum” has made observa- 
tions upon parturient patients given 
scopolamine alone. Two maternal deaths 
occurred in his series of 1,481 patients, 
but he expressed doubt that the fatalities 
had resulted from the effect of the drug. 
No fetal deaths were ascribed to its use; 
5.87% of the infants required resuscita- 
tion. Extreme excitement was noted in 
1% of mothers. The amnesic effect was 
graded as excellent. Recently Steinberg 
reported the histories of 4 patients who 
exhibited edema of the glottis and uvula 
with serious repiratory embarrassment 
after the administration of demerol and 
scopolamine (3 patients) and seconal and 
scopolamine (1 patient). 

The administration of ether rectally has 
proved valuable as a part of the Gwathmey 
technique," or as a means to control the 
excitement of patients given barbiturates. 
Gwathmey™“ was able to report 20,000 
hospital and home deliveries without a 
resulting maternal mortality. No infant 
mortalities were ascribed by him to the 
use of rectal ether, but resuscitation was 
required in 15% of newborns. He re- 
ported satisfactory analgesia in 85% of 
patients, but others have noted the 
analgesic effect to be inferior to that 
observed from the use of barbiturates or 
demerol. Technical difficulties of rectal 
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administrations have limited their use- 
fulness. ; 

Paraldehyde, introduced to obstetrics 
in 1932 by Rosenfield and Davidoff,” 
has a high maternal margin of safety. 
Depression of respiration and continued 
sleepiness of the newborn were observed, 
but no fetal mortalities were ascribed to 
the drug. The permeation of the sur- 
rounding atmosphere with the unpleasant 
odor of the drug and the difficulties in 
administration have limited the use of 
paraldehyde. 

Regional Analgesia. Cleland® demon- 
strated that sensory pathways from the 
body of the uterus run through the 
sympathetic chain and enter the spinal 
cord at the eleventh and twelfth dorsal 
segments. Paravertebral sympathetic 
block,?°-*° has effectively relieved the pain 
of labor up to the stage where stress is 
exerted on the vagina and perineum. 
Direct infiltration in the para-cervical area 
has been reported® to control the pain of 
the first stage of labor. These methods 
have not been tried on a large enough 
series of patients to warrant conclusions 
about their safety and usefulness. 

The continuous epidural administration 
of an anesthetic agent by the caudal route 
has been tested. The need for special 
attendants, skill, and apparatus has limited 
the method to approximately 30% of all 
obstetric patients in America.“ In well 
equipped institutions, the administration 
of caudal analgesia was not applicable to 
approximately 40-50% of patients for 
one of the following reasons: (a) local 
contra-indication, 7. ¢., sacral deformity, 
obesity, skin infection and pilonidal sinus 
—10%; (b) constitutional contra-indica- 
tions 7. e., central nervous system disease, 
severe anemia, drug sensitivity, severe 
hypertension, unsuitable emotional make- 
up—10-15%; and (c) obstetrical contra- 

indications 2. ¢., bleeding complications, 
disproportion, uterine inertia, malpositions 
including certain breeches and twins, and 
fast labors—20-25 %. 

The maternal death rate in patients 
given caudal analgesia has been reported 


‘has been reported.” 
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to range from 12 in 30,000 to 10 in 15,950 
patients.46 No accurate estimate has 
been made of the incidence of severe non- 
fatal fall in maternal blood pressure, but 
a drop in excess of 20 mm. of mercury 
has been observed in 8% to 30% of 
patients.”18.°6 Fetal deaths have been 
reported secondary to maternal death, or 
to severe anoxemia associated with a fall 
in maternal blood pressure.!”:* The affect 
of anoxemia on surviving infants has not 
been evaluated, but the possibility of 
damage has been amply demonstrated 
elsewhere.’7 Less serious but major dis- 
advantages were: the failure of pain relief 
in 10 % of patients,’ the risk of meningeal, 
or peridural infections,’ the risk of break- 
ing of a needle in the caudal canal,” and 
the higher incidence of operative mani- 
pulation because of the absence of the 
secondary powers of labor. 

The principal advantage of 
analgesia was the absence of respiratory 
depression in the newborn. This method 
has proved of special value to the pre- 
mature infant. Other important ad- 
vantages were the dramatic relief of pain, 
the applicability to patients with res- 
piratory infections, the elimination of 
need for supplementary anesthesia, and 
the reduction in maternal blood loss. 

Psychic Control of Pain. The effective 
control of pain in childbirth by hypnosis 

Recently Read*° 
offered evidence to support the thesis that 
the pain of labor is conditioned by tension 
resulting from fear. He has shown that 
a patient will willingly go through labor 
without the aid of drugs if her fears 
have been allayed by a complete under- 
standing of the mechanism of labor. 
Sawyer,** in this country, reported favor- 
ably on this means of pain control in the 
first stage of labor. The safety of the 
pyschic control of pain cannot be denied, 
but the practical requirements for the 
successful execution of the method have 
limited its use. 

Anesthesia for Delivery. Inhalation 
Anesthetics. The major maternal hazard 
from inhalation anesthesia has been the 
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aspiration of regurgitated liquid or food. 
In obstetric patients, there is often no 
control over the time of anesthesia in 
relation to the time of eating. Mendel- 
son?’ reviewed the records of 44,016 
obstetric patients given inhalation anes- 
thetics and noted an incidence of aspira- 
tion in 0.15%. Five patients aspirated 
solid food and two of them died. In 
patients who aspirated, liquid matter, a 
post anesthetic broncho-pneumonia was 
observed though no fatalities ensued. 
The principal disadvantage of inhala- 
tion anesthetics has been the respiratory 
depressant effect on the newborn due to 
narcosis, both.  Irving’® 
made observations on patients who were 
not given drugs during labor, but who 
were anesthetized for delivery with ether 
and nitrous oxide gas; he noted that 20% 
of the newborn required resuscitation. 
The hazard of anoxemia from improperly 
administered nitrous oxide gas was pointed 
out by Eastman.’ Karp and Richardson”! 
reported that 4% of infants required 
resuscitation when cyclopropane was given 
for delivery. This gas offered less risk to 
the infant than any other inhalation 
anesthetic. The disadvantages of cyclo- 
prane were the need for a skilled anes- 
thetist, special equipment, and the more 
narrow margin of maternal safety as 
compared with ether, or nitrous oxide. 
Intravenous Anesthesia. The intra- 
venous administration of sodium pento- 
thal for operative deliveries and cesarean 
sections has been No 
maternal deaths were ascribed to the 
agent, but the potential hazard of maternal 
respiratory arrest was recognized. Gross 
fetal mortality was not increased with its 
Hellman™ noted that the con- 
centration of the drug in the blood of the 
newborn began to rise about 5*minutes 
after administration to the mother, and 
reached equal concentration in 10 to 12 
minutes. He recommended that the drug 
should be given only when delivery can 
be assured within 5 to 8 minutes after the 
time of administration. In skilled hands, 
the advantages were believed to be the 


anoxemia, or 


use. 15.34 


ease of administration and the excellence 
of anesthesia for obstetric work. 

Recently, Allen? has reported the intra- 
venous use of a 1% solution of procaine 
in 5% glucose in water for the relief of 
pain in the second stage of labor. The 
method has not been studied enough to 
warrant evaluation, but it should be 
pointed out that Allen observed con- 
vulsions in a few patients. 

Local Infiltration Anesthesia. The ex- 
tensive use of local infiltration anesthesia 
for vaginal deliveries and cesarean sections 
has been Greenhill’ stated 
that he could find no report of a maternal 
death that had resulted from the use of 
0.5% procaine hydrochloride for local 
infiltration anesthesia. Deaths from the 
use of higher concentrations of procaine, 
or other drugs used for local anesthesia 
have been reported.*® No deleterious 
effect on the infant has been observed. 
The safety of this means of anesthesia has 
excelled that of any other method. 

Several disadvantages have limited the 
more general use of local anesthesia, 
namely, the practical difficulty in control 
of a patient in active labor, the failure of 
satisfactory anesthesia in approximately 
15 % of patients, and the skill and patience 
needed to administer the anesthetic agent. 

Spinal Anesthesia. The most notable 
recent trend in obstetric anesthesia has 
been the revival of the use of spinal 
anesthesia. Prior to 1940, spinal anes- 
thesia had the record of the highest 
maternal mortality of all anesthetics 
used. The recognition of the principle 
that abdominal distention was associated 
with a high level of spinal anesthesia led 
to the development of new techniques of 
administration. The refinements in tech- 
nique designed to assure a low level of 
anesthesia were: (a) the use of small doses 
and more dilute solutions of the anesthetic 
agent; (b) the use of hyperbaric solutions 
combined with elevation of the patient to 
a sitting, or semi-sitting position; and (c) 
the avoidance of injection of the solution 
during a uterine contraction. 

No maternal deaths from the use of 
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spinal anesthesia were reported in a recent 
series of approximately 4,000 _pa- 
An extensive study of 
non-fatal fall in maternal blood pressure 
has not been reported. Parmley and 
Adriani*® reported a mild transient hypo- 
tension in 2% of patients given so-called 
“saddle block.” The occurrence of signi- 
ficant hypotension has not been observed 
in a series of 800 patients given spinal 
anesthesia for vaginal delivery or cesarean 
section at this hospital. In the absence of 
hypotension, no deleterious effect on the 
newborn has been observed. Other ad- 
vantages were a wide range of applic- 
ability, excellence of anesthesia, minimal 
number of complications, and reduction 
in maternal blood loss as compared to the 
blood loss observed with the use of in- 
halation anesthesia. 

The practical requirements for the safe 
adminstration of spinal anesthesia has 


limited its use to well equipped institu- 
tions. Definite contra-indications were 
recognized to be: (a) central nervous 
system disease, old or active, (b) severe 
anemia, and (c) marked hypertension. 
The major disadvantage has been the 
potential hazard of circulatory collapse or 
respiratory failure in the mother. Other 
disadvantages noted were: (a) the failure 
of satisfactory anesthesia in 5% to 10% 
of patients; (b) the risk of meningeal 
infection, (c) the risk of post spinal 
paralysis; and (d) the occurrence of post- 
spinal headaches in 15% to 20% of 
patients.*! 

Summary. 
trends in obstetric analgesia and anesthesia 
has been presented. Attention was 
directed to the principal advantages and 
disadvantages of agents commonly used 
for the relief of pain in childbirth. 


A review of the current 
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PHYSIOLOGY 
PROCEEDINGS OF 
THE PHYSIOLOGICAL SOCIETY OF PHILADELPHIA 


SESSION OF OCTOBER 21,1947 


The Measurement of Coronary Blood 
Flow by the Nitrous Oxide Method. J. E. 
M.D., J. H. HAFKENSCHIEL, 
M.D., M. H. Harmer, M.D., W. T. 
GoopaLe, Capt. M.C., M. Capt. 
M.C., R. J. Bruye, M.D., and S. S. Kery, 
M.D. (The Schools of Medicine, University 
of Pennsylvania and Johns Hopkins Uni- 
versity, and the Medical Division, Army 
Chemical Center, Maryland.) The nitrous 
oxide method introduced by Kety and 
Schmidt for the quantitative measurement 
of cerebral blood flow in man is applicable 
to any organ from which truly repre- 
sentative samples of mixed venous blood 
can be collected. The heart, by reason of 


ventricle/min. by the nitrous oxide 
method. The coefficient of correlation 
was 0.77. The partition coefficient for 
nitrous oxide in the dog’s heart when 
calculated from this relationship was 0.97 
(s.e. 0.052) whereas it was 1.05 (s.e. 0.013) 
when determined by in vitro experiments. 
The partition coefficient of 1 was there- 
fore taken for the experiments described 
below. 

Coronary blood flow in the intact 
anesthetized dog was measured 17 times 
in 10 experiments by the nitrous oxide 
method with the coronary venous blood 
obtained from a catheter inserted into 
the coronary sinus. The results are sum- 


TABLE 1.—CoMPARISON OF CONTROL VALUES OBTAINED SEPARATELY BY THE NITROUS OXIDE AND 
THE BuBBLE Meter METHODS 


No. of expts. 
No. of observ. eee 
Coronary flow cc./100 g./ min. 
Oxygen consump. cc./100 g./min. 

* Am. J. Physiol., 149, 634, 1947. 


its homogeneous structure and venous 
drainage into the coronary sinus, should 
thus be a suitable organ. The catheter- 
ization technic reported by Goodale and 
Lubin makes coronary sinus blood of the 
intact dog or of man readily available. 
The present investigation was made to 
determine the possibility of adapting the 
nitrous oxide method to the coronary 
blood flow of man. 

Coronary blood flow was simultaneously 
measured in the dog directly by a bubble 
flowmeter! and indirectly by the nitrous 
oxide method. In 15 measurements in 
10 experiments, the average bubble meter 
flow was 63.7 cc./100 g. left ventricle/min. 
as compared with 67.8 cc./100 g. left 


_ Nitrous oxide Rubble meter* 


Control values Coeff. var. Control values Coeff. var. 


10 ite 10 
17 19 
71.3 15.7 66.0 13.0 
9.5 19.1 8.8 13.0 


marized in Table 1 and compared with 
previously reported values obtained by 
the* bubble flowmeter. 

The difficulties and limitations of the 
method as applied to the heart include (1) 
inability to always get a free flow of blood 
from the coronary sinus catheter, (2) 
blockage of venous return into the 
coronary sinus if the catheter is inserted 
too far into the sinus, (3) only left ventric- 
ular coronary blood flow is measured and 
(4) untoward pathological changes have 
been found following catheterization in- 
cluding subendothelial hemorrhages, endo- 
thelial ulcerations and cardiac vein throm- 
bosis. The latter defects are felt to be due 
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in large part to technical mishandling of 
the catheters. 

The method presumably is adaptable to 
the measurement of coronary blood flow 
of man but in view of the pathological 
findings it should be used with great 
caution until further data on the patho- 
logical effects of coronary sinus catheter- 
ization are available. 


A Method of Directly Recording Intra- 
arterial Pressure During Surgery.* L. H. 
Peterson, and G. C. Risman, Ph.D. 
(Dept. of Physiol. Med. School, Univ. of 
Penna.). It has been possible to record 
and read immediately the effect of each 
beat of the heart in the brachial artery in 
over thirty patients to date. This has 
been done continuously from before anes- 
thesia is given and continued until after 
the operation has been completed. The 
method allows mobility and comfort of 
the patient and does not interfere with any 
established surgical procedures. 

A flexible plastic catheter is injected 
into the artery through a special twenty- 
two gauge needle. The needle is then 
withdrawn. The Lilly capacitance manom- 
eter’ is used as a pick-up and recording 
is done with an ink writing oscillograph.! 

The thirty-odd patients mentioned 
above provided a rather heterogenous 
group as concerns age, climatic conditions 
as well as the clinical condition and 
surgical intervention. There is no typical 
pre-anesthetic pulse shape; however, cer- 
tain types are significant, e. g., hyperten- 
sion or sclerosis without hypertension. 
The change in blood pressure from spinal 
anesthesia may be differentiated as to 
whether the reduction was mainly due to 
decreased peripheral resistance or cardiac 
output. The method has been found 
practical in predicting a tendency for the 
blood pressure to fall. Visceral reflexes 
are more easily localized, the mechanical 
effect of manual respiration is given 
another guide and the effects of positional 
changes are easily noted. It has been 


practical to immediately alter the surgical 
or anesthetic course by the effects seen on 
the pressure pulse curve. A more detailed 
analysis of the clinical value of this method 
will be published elsewhere.* 


Catheterization of the Coronary Sinus. 
WatterR T. GoopaLe, M.D., Martin 
Lusin, M.D., and WiLi1AM G. BANFIELD, 
Jr., M.D., (Medical Division, Army 
Chemical Center, Md). The following 
technique was developed in order to make 
it possible to measure coronary blood flow 
in the intact dog, and to evaluate the 
safety and practicality of a similar pro- 
cedure in man. A standard intravenous 
catheter, (size 6-10F), inserted through 
the dog’s external jugular vein under light 
nembutal anesthesia, is directed into the 
coronary sinus under fluoroscopic control. 
The coronary sinus ostium of the dog lies 
just anteromedial to the inferior vena 
caval opening into the right auricle, 
postero-inferior to the tricuspid value, as 
best seen fluoroscopically in the right 
anterior oblique view. On entering the 
sinus around an initial sharp medial turn, 
the catheter tip passes superiorly and to 
the left, along the posterior auriculo- 
ventricular groove, and often beyond a 
delicate valve into the great cardiac vein. 
Sometimes the catheter will pass straight 
into the middle cardiac vein, from a point 
just inside the coronary sinus ostium, 
directed along the posteroinferior septal 
surface toward the apex. The somewhat 
hazardous injection of diodrast will outline 
much of the coronary venous system, be- 
cause of the abundant veno-venous anasto- 
moses. In 50 procedures upon 25 dogs, 
weighing 28-75 lbs., the mean blood oxygen 
contents were as follows: Coronary 
sinus, 3.8 vols. % ~+ 1.04 (standard 
deviation); mixed venous blood, 12.5 + 
3.89; femoral artery, 16.9 + 1.75. Dogs 
recovered promptly, unless purposely 
sacrificed, without any clinical complica- 
tions attributable to the catheterization. 
Twenty-four autopsies following coronary 


* Supported by a grant from the Office of Naval Research to Dr. Bazett. 
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sinus catheterization sometimes showed 
significant endocardial lesions, including 
mural thrombi. However, when a small 


(No. 7) catheter had been gently inserted - 


only 1-3 cm. into the coronary sinus for 
less than an hour, avoiding forcible 
reinjection of any fluid through the 
-atheter, no significant lesions were found. 
These precautions, which appeared to 
prevent damage from the procedure in 
dogs, may well be indicated in any similar 
studies in man. 


The International Congress and its Rela- 
tion to Future International Organization. 
H. C. Bazerr, M.D. (Dept. of Physiol., 
Univ. of Penna.). International Con- 
gresses in physiology started in 1889. 
They have always been arranged by a self- 
perpetuating international committee an- 
nounced but not elected at each Congress. 
The committee has met only at the Con- 
gresses and has functioned only to select 
the next meeting place. Details are 
decided solely by the local committee. 
The spirit of this organization has been 
soundly international and democratic, and 
the present committee saw no reason to 
change the system. However, inter- 
national organization in the three years 
between congresses is a complete void 
based apparently on the assumption that 
international problems in physiology are 
non-existent. 
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There has been informal discussion 
relative to the addition of an international 
union of physiology to existing inter- 
national scientific unions. A whole meet- 
ing was scheduled for such discussion at 
the Oxford congress but unfortunately 
had to be cancelled. While some of the 
international committee thought that in 
addition to itself there should exist an 
international union, the committee as a 
whole regarded this question as outside 
its province. 

The formation of an international union 
is a function of national societies and 
action should not await the next congress. 
Many problems require to be settled. 
UNESCO cannot give financial assistance 
to a congress in the absence of an inter- 
national union to administer and control 
international activities (though some sup- 
port was provided to the last congress 
even in the absence of such organization, 
this .was only possible as an interim 
measure). Thought should be given to 
the possible subdivision of the subject 
(biophysics, biochemists, etc.) if con- 
gresses are not to become unwieldy. 
Exchange of equipment, literature and 
personnel in troubled times could be 
facilitated as well as the operation and 
extension of international institutes such 
as those at Naples and the Jungfraujoch. 
As individual physiologists we should 
work for the formation of an international 
union of physiology. 
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BOOK REVIEWS AND NOTICES 


SigNs AND Symptoms: THEIR CLINICAL 
INTERPRETATION. Edited by Cyr M. 
MacBrypg, A.B., M.D., F.A.C.P., As- 
sistant Professor of Clinical Medicine, 
Washington Univ. School of Medicine. 
Pp. 439; 74 ills.; 6 color plates. Phila.: 
J. B. Lippincott, 1947. Price, $12.00. 
Tuts book approaches diagnosis in the 

same manner as the physician must approach 
it when he sees a patient. The first section 
is devoted to history-taking and the second 
to a discussion of the production and inter- 
pretation of pain. In every following section 
a symptom or group of related symptoms 
is presented, the anatomic and physiologic 
disturbances concerned with the production 
of those symptoms being scientifically de- 
scribed and the various diseases causing 
such disturbances being discussed. Each 
section is written by a specialist in the field 
presented. Presentations are clear and 
understandable. Reference to the experi- 
mental is frequent. 

Not intended as a textbook for physical 
diagnosis, it does not cover techniques of 
examination. In general, attention is paid 
to the patient’s complaint and the mode of 
production of that complaint, not to what 
the physician might find on examining him. 
Any student or practitioner will find this 
book a useful aid in turning his attention 
and diagnostic tools to the proper spot for 
locating disease. 

The publisher has used a good grade of 
paper with a glossy finish. The type is clear, 
and the book as a whole is convenient to 
read. The illustrations are clear and helpful. 

W. S. 


SYMPTOMS AND In CLinicaL MEDICINE. 
By E. Nosiz CHAMBERLAIN, M.D., M.Sc., 
F.R.C.P., Lecturer in Medicine, Univ. of 
Liverpool. 4th ed. Pp. 463; 346 ills., 69 
in color. Baltimore and London: Williams 
& Wilkins, 1947. Price, $8.00. 

As a manual of physical diagnosis or as a 

a kind of textbook of medicine, this work is 

equally unsatisfactory. The patient is 

chopped up into chapters: The Respiratory 


System; The Cardiovascular System; The 
Nervous System, etc. This leads to repeti- 
tion of certain parts of the examination, and 
inadequate covering of others. The tongue 
is discussed in 8 different places; the tonsils 
are mentioned briefly under Fever; the 
liver is discussed under the Cardiovascular 
System, the Digestive System, the Hxemo- 
poietic System, and Radiology. 

Every chapter starts with a discussion of 
symptoms referable to that particular sys- 
tem, then describes and dis sses the more 
common normal and abnormal physical 
findings, and ends with brief descriptions 
of a few of the more common diseases in- 
volving that system. Little attempt is made 
to consider the patient as a whole, or to cor- 
relate abnormal physical findings with the 
fundamental pathologic alterations in struc- 
ture that can produce these signs. Thus the 
student or clinician is likely to arrive at 
erroneous conclusions. 

This book cannot be recommended as a 
text for students. It might serve as a handy 
reference work for physicians whose main 
interest lies outside the field of Internal 
Medicine, or as a refresher for those about 
to take examinations. 


New FIe.ps of Psycutatry. By Davin M. 


Levy, M.D., Assistant Professor of Psy- 
chiatry, Columbia University. Pp. 171. 
New York: W. W. Norton, 1947. Price, 
$2.75. 


TueEsE Salmon Lectures are in reminiscent 
vein when they deal with Child Guidance, 
Delinquency and Social Work. They sketch 
the early clumsy approaches (1920) of psy- 
chologist, social worker, neurologist and 
psychiatrist to a boy’s problem and then 
point out how all of these specialists have 
grown in the last quarter century. A few 
brief points in Educational Psychiatry and 
in Comparative Psychiatry are well taken. 
It is when the author comes to Political 
Psychiatry that he enters a field where there 
is no experience—certainly psychiatry as an 
instrument of government in Germany is a 
new thing on the earth. E. B, 
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A Hanpsook oF OcuLAR THERAPEUTICS. 
By the late Sanrorp R. Grrrorp, Profes- 
sor of Ophthalmology, Northwestern Univ. 
Medical School. Revised by Derrrick 
Vait, M.D., D.O. (Oxon.), F.A.CS. 
4th ed. Pp. 336; 66 ills. Phila.: Lea & 
Febiger, 1947. Price, $5.00. 

Ir is good news that this very useful hand- 
book of treatment has been revised. While 
still retaining the advantages of the book’s 
original form, the present author has ex- 
panded many of the sections and has brought 
ophthalmic treatment up to date, .particu- 
larly by including an excellent section on 
the antibiotics. F. A. 


Meruops Diagnosis. By LoGan CLEN- 
DENING, M.D., F.A.C.P., late Professor of 
Clinical Medicine and History of Medicine, 
Univ. of Kansas, and Epwarp H. Hasr- 
INGER, M.D., F.A.C.P., Professor of Clini- 
cal Medicine. Pp. 868; 143 ills. St. 
Louis: C. V. Mosby, 1947. Price, $12.50. 
Tuts treatise combines in one volume a 

book on physical diagnosis and a text on 
differential diagnosis. It is divided into 
4 parts. In Part 1, the author devotes 
50 pages to a discussion of the principles 
that underlie proper diagnosis: (1) ‘the 
judgment of evidence and (2) reasoning 
according to the laws of logic.” Part 2 of 
the work consists of a discussion of the tech- 
nique of history-taking and the general 
procedures used in physical diagnosis. In 
Part 3, the symptoms and signs of disease 
processes are discussed according to the 
organ affected and to the anatomic regions 
involved. Part 4 is the author’s evaluation 
of the laboratory studies and special pro- 
cedures that may be used by the practitioner 
in diagnostic work, including over 100 pages 
on Roentgen ray diagnosis. 

The informal style and the illustrative 
cases make the book easy reading. The 
illustrations and drawings are valuable and 
instructive. A large amount of material is 
covered, including many references, though 
many of these references are old. Some of 
the opinions expressed are controversial and, 
if critically analyzed, would not be readily 
accepted by many authorities. For the 
medical student, the work would serve to 
supplement but not replace the standard 
textbooks of medicine or the standard physi- 
cal diagnosis texts. It is recommended for 


practitioners and internists as a handy 
reference book and as an aid in differential 
diagnosis. E. R. 


ProGreEss IN GynEcoLoGy. Edited by Jor 
Vincent Mercs and Somers H. Srurais. 
Pp. 552. New York: Grune & Stratton, 
1946. Price, $7.50. 

Tuts book contains a collection of 70 
papers dealing with the progress that has 
been made during the last decade in all 
aspects of gynecologic physiology, pathology 
and treatment. The papers are by 71 dif- 
ferent authors, each of whom is an authority 
on his subject. The reports are succinct 
and readable statements, averaging less than 
8 pages each, and are followed by bibliog- 
raphies that have been cut “to the bone” 
but nevertheless remain adequate for refer- 
ence to source material. 

The record thus assembled is a surprising 
and encouraging documentation of real 
progress in a field that many have regarded 
as relatively static in comparison with gen- 
eral medicine and surgery. Not only have 
many of the new contributions been made 
during the war years, but there is a surpris- 
ing width and balance of distribution among 
all corners of the field. In its conception and 
execution, the book provides a perspective 
and an authority that supplement in admir- 
able fashion what the annual year-books 
have supplied concerning the decade in 
question. 

As the editors hope, it should certainly 
prove of interest and assistance not only 
to medical men who have spent the last 
years in the Armed Forces, but to students 
and practitioners in general. C. B. 


PALHZONTOLOGY: INVERTEBRATE. By 
Henry Woops. 8th ed. Pp. 477; 221 
figs. Cambridge, at the Univ. Press; New 
York: The Macmillan Company, 1946. 
Price, $3.00. 


Tuts small manual attempts to give for 
each of the larger invertebrate groups, of 
which fossils are known: a short zodlogic 
sketch, which accentuates the hard parts; 
an outline of its classification, with some 
characteristics of a few genera (mainly 
British); and a survey of its geologic range, 
with notes on recent distribution. The 
figures are mainly simple and clear, but 
without detailed explanations. A remark- 
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able amount of data is crowded into small 
compass. But, in attempting to cover so 
many fields of paleontology, the book gives 
the impression of a low threshold of satisfac- 
tion in each. The technical terms are intro- 
duced rather than explained, and the names 
of the geological formations will be strange to 
many American readers. The definitions of 
the groups are so brief as to be of little 
assistance in identification, and, in fact, 
many of the statements are so vague, or 
have so many exceptions, that they confuse 
rather than instruct. The bibliography is 
on the whole remarkably well selected, and 
includes classic studies as well as modern 
contributions. The manual should be of help 
to elementary readers, who wish a cursory 
survey of the subject. H. B. 


FUNDAMENTALS OF PsycHtaTry. By Ep- 
warp A. StrecKER, M.D., Prof. of Psy- 
chiatry, Univ. of Penna. 4th ed. Pp. 325; 
21 diagrams. Phila.: J. B. Lippincott, 
1947. Price, $4.00. 

Over 100 pages and 6 new diagrams have 
been added in this edition of Dr. Strecker’s 
excellent introductory textbook on _psy- 
chiatry—a work intended for the general 
practitioner, the specialist in other fields and 
the medical student as well as the psychia- 
trist. There is a new chapter on Further 
Thoughts about Nomenclature and Classifi- 
cation, in which the author recognizes the 
limitations of the present system of classifi- 
cation and includes the Army classification 
in its entirety. He also proposes a tentative 
classification of psychiatric illness “based on 
the concept of Reactive Tension. . . The 
classification is essentially descriptive. It 
has no etiologic implications.” There is 
another new chapter on Psychosomatic Med- 
icine and Psychiatry, dealing with the sub- 
ject in broad terms as it relates to all fields of 
medicine and advocating the teaching of 
psychiatric principles throughout the four 
year medical course. Eight pages on treat- 
ment in military neuropsychiatry have been 
omitted, and a short section added on the 
benefits resulting from war experiences. 

The book continues to be one of the best 
introductions to the field of psychiatry on 
the market and contains many short il- 
lustrative case histories from the author’s 
wide experience. There is less emphasis 
than previously on metrazol as a therapeutic 
procedure, which is in line with the current 
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trend toward the use of electroshock. With 
the release of restrictions on the use of paper, 
the present edition is printed with wider 
margins, larger type, and a better grade of 
paper, making it more attractive and read- 
able. The book is heartily recommended 
for all who are interested in obtaining a first 
glimpse into the field of psychiatry by one of 
the acknowledged leaders in that field. 
E. B. 


PuysicaL Firness, APPRAISAL AND GUID- 
ANCE. By Tuomas Kirk CuRETON, JR., 
M.A., M.P.E., Px.D., Prof. of Physical 
Education, Univ. of Illinois. Assisted by 
Freperick W. Kascn, B.S., M.S., JoHn 
Brown, B.S., and W. G. Moss, Px.D. 
Pp. 566; 66 ills. St. Louis, Mo.: C. V. 
Mosby, 1947. Price, $6.00. 

Tuts book represents an earnest attempt 
to integrate the authors’ wide experience 
with college athletes with current knowledge 
of physical fitness tests. 

The initial chapters deal with definitions 
of physical fitness and the validity of various 
fitness tests. Subsequent discussions include 
bodily configuration in relation to athletic 
prowess; cardiovascular, respiratory and 
motor factors, and the conduct of physical 
training programs. 

The point of view of an athletic coach is 
stressed. Material is arranged as a text, 
with questions at the end of every chapter 
concerning the material presented. The 
authors have not always been well advised 
from a medical point of view: The name of 
Draper is not mentioned in the description 
of constitutional types. Discussion of the 
ability of patients with organic heart disease 
to perform athletics would better have been 
deleted than treated inadequately and some- 
times incorrectly. W. J. 


FATIGUE AND IMPAIRMENT IN Man. By 8. 
Howarp Bartiey, Px.D., Prof. of Re- 
search in the Visual Sciences, Dartmouth 
Medical School, and Cuuts, M.A., 
Research Associate. Foreword by A. C. 
Ivy, Po.D., M.D. Pp. 429. New York: 
McGraw-Hill, 1947. Price. $5.50. 

THE authors start with several basic con- 
cepts. 

One is the need for a “personalistic”’ 
approach to the study of fatigue. The whole 
individual must be studied and attention 
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must be directed toward the “experiencing” 
of fatigue rather than to reduction of work 
output as the basic orientation. The authors 
assume ‘‘that human activity is determined 
and regulated by other than purely energistic 
considerations.” 

The second concept is that impairment is a 
specific tissue condition. “Impairment is 
seen as referring to the condition of the tis- 
sue, which is directly discovered only by 
physiological and_ biological analysis. 
Whereas fatigue is seen as an expression of 
the organization of the whole organism, 
which can be described only in personalistic 
terms.” 

A third assumption (later supported by 
some logical analysis and experimental evi- 
dence) is that fatigue should be “regarded as 
an experimental pattern arising in a conflict 
situation in which the general alignment of 
the individual may be described as aversion.” 

After the introduction, the authors present 
“Various Views on Fatigue.” This is done 
largely through quotations of representative 
students of the subject. In Chapter 3 there 
is a discussion of basic concepts which indi- 
cate that the authors recognize the need for 
scientific methodology in devising the experi- 
ment. Since they indicate that the subject 
is basically a psychological one, it might be 
better to say that there is a need to develop 
psychologistics as the first approach to the 
proper study of fatigue. The writers make a 
bare beginning by attempting to define 
fatigue by saying what it is and is not. 

The next 14 chapters deal with the varied 
factors, conditions, and techniques of study 
used by other experimenters. These chap- 
ters are developed largely through reference 
to the work of others. Findings and conclu- 
sions are given. Charts and tables are gen- 
erously employed. 

Chapter 17 on “Visual Performance and 
Fatigue” is a discussion of visual perform- 
ance apparently based on the authors’ knowl- 
edge and research although little or no 
attempt is made to present experimental 
evidence. 

Chapter 18 is on “Conflict and Frustration” 
and Chapter 19 on “Chronic Fatigue and 
Related Syndromes’, and here again is util- 
ized a summarizing or “high lighting” type 
of discussion based on the concepts and ex- 
perimental findings of other students of the 
subject. 

The last chapter (Chapter 20) represents 


the authors’ “conclusions.”’ The first part 
of this chapter consists of briefly stated con- 
clusions without attempt at thorough logical 
argument or the inclusion of supporting 
experimental evidence. In the second half 
of the chapter the authors pose a number of 
questions which need answers if future stud- 
ies of fatigue are to be really productive. 

A list of “Visual Aids,” to supplement the 
material in the book, follows. An author 
and subject index are properly included. 

To summarize, the book can be described 
as an excellent attempt at drawing together 
and “high lighting’’ the findings and conclu- 
sions of the major contributions on the sub- 
ject of fatigue. The authors do not endeavor 
to evaluate critically the results, techniques, 
or conclusions described and quoted. Addi- 
tionally, the authors postulate several basic 
concepts and show that they appreciate the 
need for a logical methodology in science, 
although they only take a partial first step 
by attempting to define fatigue and impair- 
ment. The book should be extremely valu- 
able to future experimenters in the field. 

E. W. 


PHARMACOP(EIA OF THE UNITED STATES OF 
America. 13th Revision. By Authority 
of the U. 8. Pharmacopeial Convention 
meeting at Washington, D. C. Prepared 
by the Committee of Revision and pub- 
lished by the Board of Trustees. Official 
from April 1, 1947. Pp. 957. Easton, Pa.: 
Mack Printing Co., 1947. Price, $8.00. 


Tuts country’s Pharmacopceia does not 
need recommendation or analytical review. 
It is a standard, and announcement plus the 
following quotation from its Preface by E. 
FULLERTON Cook is tribute: ‘This revision 

reflects a period of intensive medi- 
cal development supported by scientific re- 
search of a high order and stimulated by 
the demands of a global war. . . . The 
scope policy established in 1820 has been 
meticulously maintained and an effort made 
to restrict the admissions to the 13th Revi- 
sion to those therapeutically active agents, 
germicides, anesthetics, diagnostic agents, 
and other necessary medical aids, which 
reflect the best state of medical knowledge 
of today. For the first time 
the English titles occupy the leading posi- 
tion. . . . With the basic therapeutic 
agents now arranged in alphabetical order, 
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it is possible to follow each drug with its 

preparations and it is, therefore, unnecessary 

to list dosage forms in a special paragraph.”’ 
E. K. 


A Synopsis oF Sureicat Anatomy. By- 


ALEXANDER LEE McGregor, M.D. Pp. 
714; 699 ills. 6th ed. Baltimore: Wil- 


liams & Wilkins, 1947. Price not given. 


By means of thin paper and small print, 
the author has covered a huge field in a 
small handy volume. As implied by the 
title, the book is meant to be an outline of 
the subject with only brief comment upon 
each individual topic. Although a book of 
this type is useful as a method of reviewing 
for an examination, it is the Reviewer’s 
opinion that it is otherwise of little value. 
The discussion of each topic is too brief to 
give satisfactory information to any but 
the most casual reader. The illustrations are 
diagrammatic black and white line drawings, 
and in many cases these are not easily 
followed owing to their small size. An 
extensive index to the numerous subjects is 
provided. A. R. 


PRACTICAL PHYSIOLOGICAL CHEMISTRY. By 
Puitre B. Hawk, Pu.D., President, Food 
Research Laboratories, Inc., Long Island 
City, N. Y., Bernarp L. Osmr, Pu.D., 
Director, Food Research Laboratories, 
Inc., Long Island City, N. Y., and Wu- 
H. Summerson, Pu.D., Associate 
Professor of Biochemistry, Cornell Univ. 
Medical College, New York City. 12th ed. 
Pp. 1323; 329 ills., 5 color plates. Phila.: 
Blakiston, 1947. Price, $10.00. 


Tue oldest American text in physiologic 
chemistry celebrates its 40th year with the 
issue of this new edition. It has been 9 years 
since the 11th edition was prepared. Be- 
cause of the rapid advances in certain 
major fields and in analytical techniques, 
there has been a complete revision of the 
subject matter presented. 

Many chapters have been entirely rewrit- 
ten, and all have been reévaluated to con- 
form to current knowledge. The authors 
have been aided by specialists in the revi- 
sion of certain sections. Much new material 
has been added, including many new sec- 
tions. To list afew: polarographic analysis, 
electrophoretic analysis of proteins, isotopes, 
sulfa drugs, metabolic antagonists and anti- 


BOOK REVIEWS AND 


NOTICES 


biotics, Warburg tissue-slice procedures, 
theory and practice of photometric analysis, 
composition of foods, and vitamins. These 
new sections are complete in fundamental 
data and are well documented. 

This volume continues to have a most 
complete selection of selected laboratory 
methods. New quantitative procedures for 
blood and urine analysis have been added, 
including modifications of older methods 
for photometric determination. 

There is no doubt that this edition will 
continue to merit the popularity of its 
predecessors. 


WuitHer Mepicins: From Dogma TO 
Science. By Antony M.D., 
Dozent (Associate Professor) of Medicine 
of the Univ. of Warsaw; Senior Lecturer 
in Medicine, Polish School of Medicine, 
Edinburgh. Pp. 115; 7 tables. Edin- 
burgh: Thomas Nelson, 1947. Price, 
6/-net. 

StaTinG that this study is largely a philo- 
sophic problem, and that “the author has 
no training in philosophy,” the writer pro- 
ceeds to a critical consideration of the 
implications and consequences of the mate- 
rialistic theory of medicine. In his effort to 
show that present-day medicine is more a 
set of beliefs than a science, the thesis is 
discussed in 3 parts: Causal Medicine, The 
Medicine of Probability, and Conclusions. 
The conception of health and disease is that 
it is rooted in the causal theory, and diag- 
nosis is made for the purpose of finding the 


“cause,” 7. e., the disease. In The Medicine 


of Probability, the proposed numerical data 
system which is employed is more promising 
for the following reasons: ‘“(1) the range 
of variation between the samples is smaller 
than in the classical system, in spite of the 
handicap of the experimental conditions; 
(2) it seems that the attainment of probabili- 
ties bordering on certainty in respect to 
individual predictions regarding the dura- 
tion of life, the duration of disease, and the 
frequency of their recurrence is more likely 
to be achieved by means of it.” Finally, it 
is suggested that the biologist’s selection 
of certain data as healthy or diseased be 
abandoned, and that a new approach based 
upon the subjective feelings of the individual 
be made; that the experimental method be 
adopted and a different classification of clini- 
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cal material be employed. In an Appendix, 
as proof of the author’s contentions, 7 statis- 
tical tables include the analyses of several 
thousand cases. For an adequate under- 
standing of the thesis, these tables require 
some detailed consideration. ea 


THE PRINCIPLES AND PRACTICE OF OBSTET- 
rics. By JosepH B. and J. P. 
GREENHILL. Pp. 1011; 1108 ills., 211 in 
color. Phila.: W. B. Saunders, 1947. 
Price, $10.00. 

THE 9th edition of the late Dr. DeLee’s 
well-known “Obstetrics” is the 2nd edition 
that Dr. Greenhill has prepared. It has 
been so extensively rewritten and reshaped 
as to constitute almost a new book. Ad- 
mirers of the virtues which made DeLee’s 
book traditionally one of the best texts in 
any language will be gratified to learn that 
all the old values have been preserved, and 
new ones added. 

One of the most striking new features is 
a radical change in format. The text has 
been rearranged in 2 columns per page with 
the use of clearly readable “London Times” 
type face. This has apparently permitted 
the introduction of new textual material 
and illustrations without adding to the total 
number of pages. Indeed, the former bulk 
of the book has been reduced. 

The new chapters include an excellent and 
practical one on erythroblastosis fetalis. 
Elsewhere, many of the old chapters have 
been rewritten to bring each subject up to 
date by incorporating, rather than merely 
appending the newer knowledge. Brevity 
and balance in exposition are thus retained. 

The emphasis, as formerly, is on the 
clinical side. But the sections dealing with 
the anatomic, histologic and embryologic 
aspects of the field are scholarly in character, 
and are illustrated with such excellence as 
to make the work invaluable as a student 
guide. One could wish the same attention 
had been given to physiology. This defi- 
ciency is, in the Reviewer’s opinion, one of 
the few weak features of the book. It has 
led, among other things, to the relegation 
of “Obstetrics and Gynecologic Endocrinol- 
ogy” to a remote chapter, unrelated to and 
unintegrated with the general subject of 
obstetric physiology. 

There are few matters in or related to 


obstetrics concerning which one cannot find 
some information in this book. It will, 
therefore, continue to be valuable not only 
to students and practitioners of obstetrics 
but, as a ready reference work, for physicians 
in all fields. C. B. 


TECHNIQUES AND PROCEDURES OF ANESTHE- 
sta. By Jonn Aprrant, M.D., Director, 
Dept. of Anesthesia, Charity Hospital of 
Louisiana; Clinical Assistant Professor of 
Surgery (Anesthesiology), Louisiana State 
Univ. Pp. 404; 122 figs. Springfield, IIL: 
Charles C Thomas, 1947. Price, $6.00. 
Tuts book is intended for the beginner in 

anesthesia, but can also be profitably read 

by all who are practising anesthesia. The 
author has outlined not only the technical 
details of a procedure, but directly opposite 
the outline he gives in a brief résumé the 

associated reasons for executing them. He . 

has covered all phases of the subject and 

includes many helpful suggestions and 
explanations. 

The chapter on Inhalation Anesthesia is 
very instructive; even the current price of 
the anesthetic agent is quoted in order to 
give the student a comparison of the cost 
of the administration of the various tech- 
niques. 

The Appendix contains several tables 
which list choices of anesthesia for various 
procedures according to complicating clinical 
conditions. These will be very helpful to 
the student and beginner. The volume is 
well indexed and contains adequate refer- 
ences. The drawings and photographs are 
well done and show definite details. A vast 
amount of material has been compressed 
into this book; it can be unreservedly recom- 
mended. 


GYNZCOLOGICAL ENDOCRINOLOGY FOR THE 
PRACTITIONER. By P. M. F. Bisnop, 
D.M. (Oxon.), Lecturer in Applied Physi- 
ology, Guy’s Hosp. Med. School; Clinical 
Endocrinologist, Guy’s Hosp.; Endocrin- 
ologist to Chelsea Hosp. for Women. 
Pp. 124. Baltimore: Williams & Wilkins, 
1946. Price, $2.00. 

Tuts short book was written, as the title 
indicates, not as a textbook of gynecologic 
endocrinology but as a guide for the general 
practitioner. It includes brief descriptions 
of the endocrine control of the menstrua. 
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cycle and the origin and modes of therapeutic 
administration of the various sex hormones. 
The etiology of and the therapeutic approach 
to the usual functional gynecologic disturb- 
ances are considered briefly. The author is 
more optimistic and less fearful concerning 
the effects of serum gonadotrophin than most 
American gynecologists. The chapters on 
pregnancy tests and hormone assays are 
well written, but perhaps they are granted 
too much space at the expense of more gen- 
erous consideration of the various thera- 
peutic indications in the functional disturb- 
ances. Of particular value is the appendix 
dealing with commercial therapeutic agents, 
their proprietary names, modes of adminis- 
tration, dosage and prices. The book gives 
one the impression of oversimplification of 
a very intricate subject, the justification of 
which is questionable even in the interests 
of brevity. 


NEW BOOKS 


Fatigue and Impairment in Man. By S. 
Howarp Bartiey, Pu.D., Professor of 
Research in the Visual Sciences, Dart- 
mouth Medical School, and EL.oisr 
Cuute, M.A., Research Associate. Fore- 
word by A. C. Ivy, Po.D., M.D. Pp. 429. 
New York: McGraw-Hill, 1947. Price, 
$5.50. 

Calcific Disease of the Aortic Valve. By 
Howarp T. Karsner, M.D., and Simon 
Kotetsky, M.D., Pp. 111; 24 ills. Phila.: 
J. B. Lippincott, 1947. Price, $5.00. 


Handbook of Psychiatry. By WtNIFRED 
OveRHOLSER, A.B., M.D., Sc.D., Professor 
of Psychiatry, George Washington Uni- 
versity, and WINIFRED V. Ricumonp, B.S., 
A.M., Px.D., Late Consultant in Psychol- 
ogy, New Mexico State Department of 
Welfare. Pp. 252. Phila.: J. B. Lippin- 
cott, 1947. Price, $4.00. 


Sex Power in Marriage. By Epwin W. 
Hirscu, B.S., M.D. Pp. 218. Chicago: 
Research Publications, 1947. Price, $3.00. 


Trichomonas Vaginalis and Trichomoniasis. 
By Ray E. Trussretu, M.D., Associate in 
Hygiene and Preventive Medicine, State 
University of Iowa. Introduction by E. D. 
Puass, M.D. Pp. 277; 19 figs. Springfield, 
Ill.: Charles C Thomas, 1947. Price, 
$6.00. 


Electrocardiografia Clinica. Por el Dr. 


Sercio ALVAREZ Mena, Instructor de la 
Facultad de Medicina. Jefe del Servicio 
de Cardiologia de la Catedra de Pathologia 
Medica del Hospital Universitario. Pp. 
567; 240 ills. Havana, Cuba: M. V. 
Fresneda, 1947. Price not given. 


Ocular Therapeutics. By Witiram J. Har- 


RISON, Phar.D., M.D., F.A.C.S. Associate 
Professor in Ophthalmology, Jefferson 
Medical College. Pp. 112. Springfield, 
Ill.: Charles C Thomas, 1947. Price, 
$3.50. 


THIS is a compendium of prescriptions com- 
monly used in Ophthalmology. It does not 
have any advantage over the other books on 
ocular therapeutics which include not only a 
resumé of the drugs used but also the standard 
treatments for various diseases of the eyes.- One 
cannot use this book, for example, to treat a 
specific ocular condition since disease processes 
are not listed even in the index. For that reason 
its usefulness is considerably limited. F. A. 


Morphologic Hematology. Special Issue No. 


1. Edited by DamesHek, M.D. 
Pp. 200. New York: Grune & Stratton, 
1947. Price, $4.75. 


Kompendium der Parasitischen Wiirmer im 


Menschen. Von Hans A. Krets, Privat- 
dozent der Parasitologie an der Universitat 
Bern. Pp. 136; 70 ills. Basel: Benno 
Schwabe & Co., 1947. Price, Gebunden 
Fr. 10. 


NEW EDITIONS 


Bacteriology Laboratory Directions for Phar- 


macy Students. Compiled by MuILan 
Novak, Px.D., M.D., Professor Bacteriol- 
ogy and Public Health, University of 
Illinois. 2nd ed. Pp. 248. St. Louis: C. V. 
Mosby, 1947. Price, $2.75. 


Infant Nutrition. By P. C. Jeans, A.B., 


M.D., Professor of Pediatrics, State Uni- 
versity of Iowa, and ‘McKim 
Marriott, B.S., M.D., Late Professor of 
Pediatrics, Washington University. 4th 
ed. Pp. 495; 36 ills. St. Louis: C. V’ 
Mosby, 1947. Price, $6.50. 


Rypins’ Medical Licensure Examinations. 


By L. Brerrinea, M.D., F.A.C.P., 
M.R.C.P., Edin. (Hon). With the Col- 
laboration of a Review Panel. 6th ed. 
Pp. 690. Phila.: J. B. Lippincott, 1947. 
Price, $6.00. 
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Tuis edition continues to present the subject 
matter on which there is ‘‘a general agreement 
regarding the material essential for the candi- 
date for licensure.’”” Each chapter ends with a 
few pages of sample questions. It is presented 
under 12 headings by 12 collaborators. The 
treatment is necessarily brief—53 pages for 
physiology, for example—and sometimes not 
up to date. 


Recent Advances in Endocrinology. By A. T. 


CamErRoN, C.M.G., D.Sc.; Professor of 
Biochemistry, Faculty of Medicine, Uni- 
versity of Manitoba. 6th ed. Pp. 443; 
71 figs, 3 plates. Phila. and Toronto: 
Blakiston, 1947. Price, $6.00. © 
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alytic approach is Freudian. Psychosomatic 
medicine is not discussed. The customary 
chapters on anatomy and physiology are omit- 
ted. Allsubjects are given concise and practical 
treatment, with scant reference to the work of 
others. (N. Y.) 


Synopsis of Allergy. By Harry L. ALEx- 


ANDER, A.B., M.D., Professor of Clinical 
Medicine, Washington University. 2nd 
ed. Pp. 255; 22 ills. St. Louis: C. V. 
Mosby, 1947. Price, $3.50. 


Annual Review of Biochemistry. Edited by 


J. Murray Luck, Huserr Lorine 


and Gorpon Mackinney. Vol. XVI. 
predecessors, contains a brief resumé of most 


of the latest work in the field of endocrinology. 
Each section is organized about one of the endo- 
crine glands and presents in addition to the new 
developments made in the study of the physio- 
logic and pathologic processes of each gland the 
old work which has stood the test of time. Both 
the classic and the very recent forms of therapy 
are presented in every instance and every sec- 
tion is followed by a lengthy bibliography, so 
that one may readily consult the sources of the 
material used. (J. McC.) 


Textbook of Clinical Neurology. By Israk., 
S. Wecuster, M.D., Clinical Professor of 
Neurology, Columbia University. 6th ed. 
Pp. 829; 162 ills. Phila.: W. B. Saunders, 
1947. Price, $8.50. 

THE text is considered in the following parts: 
Method of Examination, Spinal Cord, Peri- 
pheral Nerves, Brain, Neuroses, with almost 
half the space taken by Brain. The psychoan- 


Pp. 740. Annual Reviews, Inc., 1947. 
Price, $6.00. 


Tue latest volume in this valuable series con- 
tinues the excellent tradition and purposes of 
its forerunners. The end of the war has resulted 
happily in an increase in the number of con- 
tributors from abroad, among them E. G. V. 
Percival on the Chemistry of Carbohydrates, 
D. P. Cuthbertson on the Metabolism of Pro- 
teins, H. Lundegardh on the Mineral Nutrition 
of Plants, and D. D. Woods on Bacterial Metab- 
olism. 

Besides the usual topics, such as Biological 
Oxidations and Reductions, this year’s review 
has articles in less customary fields: Carotenoid 
and Indolic Biochromes by Denis L. Fox, 
Nitrogenous Constituents of Plants by F. C. 
Steward and H. E. Street, Growth Substances 
in Higher Plants by Folke Skoog, and Marine 
Bacteriology by Claude ZoBell. 

The volume is most highly recommended 

(D. D.) 
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When 

| Blood 
Pressure 
| Soars to 
Dangerous 
i 
j 


Heights 


You can depend on Hepvise to reduce 
readings to safer levels, as well as to 
bring your patients gratifying relief 
from the subjective symptoms. 
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Hexanitrate of Mannitol + Viscum Album 


Available in Bottles of 50-500-1000 tablets. 
Complete Literature and Professional Samples Sent upon Request 


ANGLO- FRENCH LABORATORIES, Inc. 
735 Varick St., New York 13, N. Y. 
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AVERAGE PRESSURE BY AGE 

18 

SYSTOLIC 

Male 121.8 128.1 

Female 118.7 129.8 
DIASTOLIC 

«*Male 78.8 719.5 90.4 82.3 83.3 94.3 84.5 94.0 
Female 78.0 78.6 719.9 83.9 95.4 86.8 86.8 94.4 
artalit of The Association of Life Insurance Mec 
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COUNCIL ACCEPTED ... Privine ... (brand of naphazoline 
hydrochloride). Trade Mark Reg. U. S. Pat. Off. and Canada. 


So effective is this widely prescribed vasoconstrictor that 
three drops, in each nostril, t.i.d. are sufficient to provide rapid, 


prolonged relief. Also available in convenient jelly form. 


—CIBA 


For further int ion, write the Professional Service Dept. 


CIBA PHARMACEUTICAL PRODUCTS, INC. @ SUMMIT, N.J. 
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The rooster’s legs 


are straight. 


The boy’s are not. 


The rooster got plenty of vitamin D. 


Fortunately, extreme cases of rickets such as the one above illustrated 
are comparatively rare nowadays, due to the widespread prophy- 
lactic use of vitamin D recommended by the medical profession. 


One of the surest and easiest means of routinely administering vitamin D (and vitamin A) 
to children is MEAD’S OLEUM PERCOMORPHUM WITH OTHER FISH-LIVER 
OILS AND VIOSTEROL. Supplied in 10-cc. and 50-cc. bottles. Also supplied in bottles 
of 50 and 250 capsules. Council accepted. All Mead Products Are Council Accepted. 
Mead Johnson & Company, Evansville 21, Ind., U.S.A. 
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